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RESEARCH MEMORANDUM 

APPROXIMATE SOLUTIONS FOR THE FLOW ABOUT FLAT -TOP 
WING -BODY CONFIGURATIONS AT HIGH 
SUPERSONIC AIRSPEEDS* 

By Raymond C. Savin 

SUMMARY 


The flow about slender flat -top wing -body configurations traveling 
at high supersonic speeds and small angles of attack is investigated ana- 
lytically. In the case of conical configurations, approximate algebraic 
solutions to the flow field are obtained. In the case of configurations 
which are conical at the vertex but curved in the stream direction, these 
solutions are combined with a slender-body approximation to the general- 
ized shock-expansion method to obtain the flow downstream of the vertex. 

Surface pressures were obtained experimentally at Mach numbers 
from 3*0 to 6.0 and angles of attack up to 6° for several flat-top wing- 
body configurations . These configurations consisted of half -bodies of 
revolution mounted beneath thin highly swept wings. Three different bod- 
ies were employed. The two conical bodies consisted of one-half of a 
fineness -ratio -5 cone and one-half of a fineness -ratio-2-l/2 cone. The 
body of the third configuration consisted of one -half of a fineness - 
ratio-5 ogive. For the ogive configuration, the leading edges of the 
wing were curved and designed to just maintain the theoretically deter- 
mined bow shock along the leading edge at a Mach number of 5.0 and an 
angle of attack of 3°. The predictions of the conical flow theory of 
this paper for the surface pressures are found to be in good agreement 
with experiment at Mach numbers of 5.0 and 6.0 up to angles of attack of 
approximately 3°. Estimated lift, drag, and pitching -moment coefficients, 
as well as maximum lift -drag ratio, are also in good agreement with exist- 
ing experimental data at a Mach number of 5.0 for a conical configuration 
having an arrow plan-form wing. It is also found that the generalized 
shock-expansion method yields reasonably good agreement with experiment 
for the surface pressures on the half -ogive configuration at a Mach 
number of 5.0 and an angle of attack of 3°. 


*Title, Unclassified . 
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INTRODUCTION 


A class of flat -top wing -"body combinations was proposed in reference 1 
as being capable of developing high lift-drag ratios at high supersonic 
speeds. The type of configuration suggested consists of a thin highly 
swept wing of essentially arrow plan form beneath which is mounted a half- 
body of revolution with its vertex common to the vertex of the wing. 
Theoretical and experimental results presented in references 1 and 2 indi- 
cated that these configurations have a high aerodynamic efficiency at high 
supersonic speeds. It is of interest, therefore, to consider more refined 
theoretical methods for treating the flow about flat-top wing -body combi- 
nations . Such methods are necessary if accurate estimates of pressure 
forces and moments as well as detailed local flow properties are to be 
obtained. Local flow conditions are required, of course, in order to 
determine skin-friction and heat -transfer characteristics which are so 
important at hypersonic speeds. 

A method for estimating the aerodynamic forces on flat -top wing -body 
configurations has been presented in reference 3- This method was obtained 
with the aid of linear theory. In fact, in the past, virtually all treat- 
ments of the flow about wing -body combinations have employed linear theory 
(see, e.g., refs. 3 through 7). Although these methods have been shown to 
be adequate for low supersonic speeds, their application to hypersonic 
speeds is questionable due to the restrictions of linear theory. Thus, at 
the present time, there is no well-established theory applicable to the 
accurate prediction of the aerodynamic characteristics of wing-body com- 
binations traveling at high supersonic speeds. The objective of the 
present paper, therefore, is to obtain an improved theoretical method for 
predicting the flow about flat-top wing-body configurations having super- 
sonic leading edges. In this connection, a hypersonic theory applicable 
to conical configurations is obtained. This result is then combined with 
a slender-body approximation to the generalized shock-expansion method to 
obtain the flow about configurations which are curved in the stream 
direction. 


NOTATION 


C A 

Cd 

c l 


local speed of sound, ft/sec 

axial force 


axial -force coefficient, 

drag 


<3co S 


drag coefficient, 
lift coefficient, 


lift 

<loc£ 
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pitching -moment coef f i ci ent , 


moment about vertex 


Cpj normal -force coefficient, 


U P 

c v 

E 

l 

M 

P 

pt 

q. 

R 

r 

5 
u 

V 

V 

A 

V 
w 
a 

7 

6 

6 W 


normal force 


<3~ S 


pressure coefficient, 


P - P 0 

^OO 


specific heat at constant pressure, ft -lb/slug °R 
specific heat at constant volume, ft-lb/slug °R 
entropy, ft-lb/slug °R 
characteristic reference length, ft 

Mach number (ratio of local airspeed to local speed of sound) 

static pressure, lb/sq ft 

total pressure, lb/sq ft 

dynamic pressure, lb/sq ft 

gas constant, ft-lb/slug °R 

distance along conical ray measured from vertex, ft 
total plan area, sq ft 

velocity component parallel to r, ft/sec 

velocity component normal to u in a meridian plane, ft/sec 


resultant velocity, n/u 2 + v2 + w2, ft/sec 

maximum velocity obtainable by expanding to zero temperature, ft/sec 

velocity component normal to a meridian plane, ft/sec 

angle of attack, radians unless otherwise specified 

ratio of specific heats, — 

c v 

angle of flow inclination in meridian plane measured from configura- 
tion axis, radians unless otherwise specified 

wedge angle of wing in streamwise direction 
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A angle of flow inclination in meridian plane measured from free- 
stream direction, radians unless otherwise specified 

€ angular difference between free-stream direction and locus of points 
representing center of curvature of shock in plane of symmetry, 
radians unless otherwise specified 

A semivertex angle of wing (i.e., complement of leading-edge sweep 
angle; see fig. l), radians unless otherwise specified 

jjl Mach angle, radians unless otherwise specified 

p mass density, slugs /cu ft 

cp angle of meridian plane with respect to plane of symmetry, radians 
unless otherwise specified (see fig. l) 

i f dihedral angle at shock between streamwise plane normal to shock 

and plane containing axis of configuration, radians unless other- 
wise specified 

Y dihedral angle at shock between streamwise plane normal to shock 

and plane containing free-stream velocity vector, radians unless 
otherwise specified 

oj angle between axis of cone and ray passing through vertex of cone, 
radians unless otherwise specified 

SI angle of ray on conical shock measured with respect to free-stream 
direction, radians unless otherwise specified 


Subscripts 


B body 

c evaluated at cone surface 

e evaluated at external surface of vortical layer 
S evaluated at shock wave 

W wing 

oo free-stream conditions 

o conditions at 9=0 

conditions at cp = 5 
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THEORY 


The purpose of this analysis is to obtain a simplified theory for 
predicting flow fields about a class of flat -top wing -body configurations 
traveling at hypersonic speeds and at small angles of attack. The con- 
figuration to be treated is assumed to consist of a half -body of revolu- 
tion mounted beneath a thin wing, the vertex of which is common to the 
vertex of the body and whose leading edges are sharp and always supersonic. 
Furthermore, the configuration is assumed slender and the surface slopes 
are everywhere small compared to 1. In addition, the free-stream Mach 
number is assumed large compared to 1 and the angle of attack small com- 
pared to 1. Thus, the local Mach number will be large compared to 1 and 
the inclination of the nose shock wave will be small. Only flow fields 
which are either wholly conical or conical at the vertex are studied. 
Consider now the flow field as it would appear in cross-section view nor- 
mal to the configuration axis. A conical flow field of the double shock 
type is shown in sketch (a), where region 1 is three-dimensional in type 
and is generated by the body, and region 2 is a two-dimensional flow field 
generated by the wing (the configuration is presumed to be at angle of 
attack). Another conical flow field is a single-shock type as represented 
in sketch (b). Experimental observations of the shock-wave patterns to 



date indicate that the flow field is of the single-shock type, at least 
for configurations having highly swept wings. It was also found that the 
pressures on the wing were not only continuous across the entire wing but 
were also higher in region 2 than the pressures which would be expected 
if the flow were two-dimensional in this region. In the following ana- 
lysis, approximate solutions to the flow field satisfying the boundary 
conditions corresponding to the single-shock type will be obtained. 


Flow About Conical Flat -Top Wing -Body Configurations 


For conical flow fields, all derivatives with respect to radial 
distance vanish and the equations of motion and continuity in spherical 
polar coordinates become (a schematic diagram of the polar coordinate 
system is shown in fig. l) 

v + -2- - v2 - > 0 (la) 

ooo sin u) ocp 

* 
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v *1 + 1 + uv - w^cot w = 0 

Sco sin go Sep p Sco 


ck) sin cj Sep p sin co Sep 


C^W w Sw 1 

V + + 


+ UW + w cot Cl) = 0 


(lb) 

(lc) 


and 


2pu sin co + v sin to — + p sin to — + vp cos w + w + p — = 0 

oto Sto Sep Sep ( 2 ) 

respectively. Now the law of conservation of energy requires the following 
relations to be satisfied: 


1 _ JL = .(^u — + v— + w — 

- 1 \p Sep p 2 Sep/ \ Sep Sep Scp^ 

1— (l k - JL *£) = . fu + V ^ + W 

- 1 Vp Sto p2 StJ/ \ Sto Sto StO/ 


(3) 


The entropy at any point in the flow field may be expressed in the form 

R 


E - Eqo = 




(M 


Equations (l), (2), and ( 3 ) together with the relation 


V 2 - V‘ 


a2 = 

2 

may be combined (by eliminating the pressure and density terms) to obtain 
the equation of motion 


7 - 1 ( 62 


2u + v cot a) + — + 


Sv 1 Sw 


Sto sin to Sep, 
Sv w 2 Sw 


- uv 2 - uw^ - 


VW Sv Sw ~ /,-N 

V . x — - VW — = 0 (5) 

oto sm co ocp sm co ocp oco 


which is general for all steady-state conical flows. 


It is convenient first to define the flow conditions on the leeward 
or expansion side of the wing. 1 For flows of the type under consideration, 
the expressions defining the Mach number and pressure are simply those 
applicable to a flat plate and may be written (see ref. 8) 


-•-Since the shock wave is assumed to be always attached to the leading 
edge of the wing, the flow fields on the windward and leeward sides may 
be treated independently. 


t 
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( 6 ) 


and 


27 

7-1 


_P_ = 1 - I 


M D0 (O' - &w) 


( 7 ) 


respectively, where a is the angle of attack and By is the streamwise 
wedge angle of the wing. 

The remaining part of this analysis will he concerned with the study 
of the interference flow field on the high-pressure side of flat -top wing- 
body configurations. Before proceeding with the actual solution for the 
flow field, it is convenient first to consider the basic assumptions 
underlying the solution and to outline briefly the method of attack in 
obtaining this solution. As mentioned earlier, only hypersonic flows and 
slender configurations at small angles of attack are considered in this 
paper. Thus, the following simplifications are employed throughout this 
analysis : 


It is further assumed that the present flow fields represent only a small 
departure from flow fields generated by circular cones. The subsequent 
analysis, then, will be similar in many respects to that presented in 
reference 9 for the flow about circular cones at small angles of attack. 
In particular, the flow in the region of the plane of symmetry (i.e., at 
cp = 0) is assumed to be identical to that generated by a circular cone 
in this region. The general form of the expression for the w component 
of velocity employed in reference 9 is also assumed to be applicable for 
the present flow fields. 

The following procedure is employed with the above assumptions to 
obtain a solution for the interference flow field. An expression defin- 
ing the w component of velocity throughout the flow field (see fig. l) 
is first obtained. The flow is then treated in four parts as shown in 
sketch (c), which represents the boundaries of the flow field in a plane 
normal to the configuration axis. 


M » 1 

B « 1 


0 ) « 1 
a « 1 



Shock 



Sketch (c) 
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Expressions which define flow conditions along the shock (1-2), in the 
plane of symmetry (1-3), in the plane of the wing (2-4), and around the 
surface of the body (3-4) will be obtained in terms of flow conditions 
at cp = 0 and cp = n/2. Solution of the flow in the plane of symmetry 
determines all conditions at cp = 0. All the expressions obtained, then, 
may be written in terms of known quantities and/or (^ / ) Jt/2 * The parameter 
(Yj^/2 is obtained by an iteration process which involves matching at 
point 4 the pressure calculated by proceeding along 1-3-4 to the pressure 
calculated by proceeding along 2-4. A discussion of the evaluation of 
(Y) n/a is presented. An analysis of the flow off the surface, that is, 
between the body surface and the shock, is discussed and expressions 
defining this part of the flow field will be obtained. Finally, analytic 
expressions in closed form are obtained for the lift, drag, and pitching- 
moment coefficients for conical flat-top wing -body combinations. With 
these points in mind, the analysis for the w component of velocity will 
now be considered. 

Determination of w component of velocity .- It was found in 
reference 3 that the oj and cp dependence of w could be separated into 
a product for the case of circular cones. Since the present flow fields 
represent a small departure from that of the circular cone, the same 
dependence is assumed here; namely, 

~~ = w 1 (u))w 2 (cp) (8) 

V 00 

Furthermore, the variation of w with u) is assumed to be the same as in 
the case of the circular cone so that this variation between the surface 
and the shock may be written (see ref. 9) 

(jJq 

w i( u ) = — 

Now it is obvious that the variation of w with cp will differ from that 
for a circular cone since the presence of the wing will alter the boundary 
conditions. The term w 2 (cp), then, will be defined by the polynomial 
(noting that w must be an odd function) 

v 2 (q>) = c x cp + c 2 cp3 + c 3 cpS 

Since w = 0 at cp = 0 because of the symmetry of the flow and also at 
cp = jr/ 2 because of the presence of the wing, the coefficients in the 
above expression are easily evaluated in terms of Sw 2 /ckp at cp = 0 and 
cp = it/2 to yield (when combined with eq. (8)) 



NACA RM A58F02 


1 


CONFIDENTIAL 


9 


Expression (9) defines the w component of the velocity throughout the 
flow field on the windward side of the configuration. There remains, 
however, the determination of the shock-wave angle, cjg, and the quanti- 
ties (ctop/cicp),-, and (^ 2 /^ 9 ) 2 - An expression for ug will now be 
obtained by considering the flow conditions at the conical shock. 

Flow conditions at the shock . - The shape of the shock wave will be 
influenced by the shape of the body, the angle of attack, and the leading- 
edge sweep of the wing. For example, at a = 0° the conical shock will 
be circular between the planes cp = 0 and cp = k /2 provided the leading- 
edge angle of the wing. A, is equal to the axially symmetric shock angle 
for the complete circular cone. If A > ( uig ) a=0 ' then the shock will 
impinge on the wing leading edge at an acute angle similar to that shown 
in sketch (d). The angle (t ) Jt/2 shown in this sketch (see also fig. l) 



is the angle of the dihedral between a plane normal to the shock and the 
plane of the wing and 


tan \|c 


_ 1 _ 

9S ^cp 


( 10 ) 


which holds for any meridian plane. Consider now the case where a > 0. 

As the angle of attack increases, the pressures on the body, and therefore 
throughout the flow field, increase causing the shock in the plane of the 
wing to "spread" beyond that for a = 0°. Now if the shock is to remain 
attached to the leading edge, the leading-edge sweep must be decreased. 
Thus, in the present analysis, there is a minimum A (maximum sweep) which 
can be treated for each angle of attack. It is clear from the foregoing 
discussion that if a reasonably accurate prediction of the flow field is 
to be obtained, particular attention must be paid to the shape of the 
shock wave. The conical shock will then be defined by a power series 
in cp where the coefficients are determined from the following conditions: 
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at cp = 0 , 


at cp = - , 


8(jOo 


ws = A 


doJc 


Sep 


= A tan(\|r) n/ . 


Thus, the expression 


?■(©*©©{< 


Mo 


- f tan ^h /2 } ^ 


f)(r c 


( w r) 


S-’o « 


r tan(\|r) 


It/ 2 


9" 


( 11 ) 


defines the conical shock with respect to the configuration axis. The 
tangent operator on \|r is retained in the above expression since 
at cp = tc/2 this angle represents the attenuation of the shock due to 
leading-edge sweep and there is no way of determining a priori its order 
of magnitude. Now for small angles of attack, the shock-wave angle, ft, 
and flow-deflection angle. A, measured from the wind axis may he related 
to the shock angle, cog and flow-deflection angle, 5g, measured from the 
configuration axis by 


and 


to 

II 

+ a cos cp 

( 12 ) 

A = 6 S 

+ a cos cp 

(13) 


respectively. It can also be shown that, consistent with the above 
approximations , 


Y = \|r - 


a sin cp 
cog + a cos cp 


UM 


where I is the angle of the dihedral at a point on the shock between 
a streamwise plane normal to the shock and the plane containing the wind 
axis. Thus, the oblique -shock -wave relations may be written 


/ Ms \ 2 (7 + l) g H 30 2 fl 2 cos 2 F 

[ 27 f^ x > 2 & 2 cos 2 'F - (7 - l )][(7 - l)H X) 2 ft 2 cos 2 'F + 2 ] 


(15) 


^ 2 fi 2 cos 2 ¥ - 1 

&c 7 © 1 

— - Hx>ScHx>ft cos ¥ 


(16) 
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Pg 27M 00 2 n 2 COS 2 Y - (7 - l) 


(IT) 


■^00 7 +1 

Equations (ll) through ( 17 ) completely define conditions immediately 
downstream of the shock wave in terms of flow parameters referred to the 
configuration axis. It is clear, of course, that (cog) Q and (^) n/2 are 
yet to be determined. 


Flow conditions in the plane cp = 0 . - As a by-product of the solution 
of the flow in this plane, the two quantities (cog) Q and (dw 2 /dcp) 0 will 
be determined. Because of the symmetry of the flow in this plane, w = 0 
and the equation of motion (eq. (5)) reduces to 


7 - 1 (V s - V 2 ) f 2u + V cot u + + -L- Is') - v s (u + |f) = 0 

oco sin co ocp/ \ oco/ (18) 


Now from the flow pattern, the velocity components may be written 

u = V cos ( co - 6) 
v = -V sin(co - 5) 

and from equation (la) 


v = 


du 

Sco 


It can also be shown that 


dV 

V 


= -tan ( co - 5 )d5 


( 19 ) 


Substitution of the above expressions into equation (18) results in 


y - 1 

2 


vs\ 2 

yj 


cot ( co - 6) ( 1 4- - cot co 4- tan(co - §) ^ + 

oco/ oco 


csc(co - 5) 8w 
V sin co ckp 




tan ( co - 6) — = 0 
oco 


Consistent now with the assumption of 5 « 1 and co « 1, the above 
expression may be written 

6 86 , f &\ 1 8w _ 

_ + 1 - (Mw) ( 1 - - + — — = 0 

CO oco \ co/ Vto ocp 

Furthermore, since Mio and 6/co are both of the order of 1, there is 
finally obtained (by virtue of eq. (8)) 






CONFIDENTIAL 


12 


NACA RM A58F02 


^5 + 6 + /ftogN _ 0 

Sw a) V w 2 \ dcp / 


(20) 


Consider now the term (dw 2 /dcp) Q . If the angle of attack is small and 
the leading-edge angle of the wing does not differ too greatly from the 
angle of the shock wave generated by the equivalent circular cone, then 
one might expect the flow in the plane of symmetry to differ but little 
from that of the circular cone. 2 It is assumed, therefore, that, as a 
first approximation, the flow in this plane will be the same as that for 
the circular cone. Then (see ref. 9 ) 



= V e ^ 

*OO c 

0) 


where e is the angle between the axis of the conical shock and the 
free-stream-velocity vector. It follows, then, from equation (8) that 



and, therefore, equation (20) yields upon integration (noting that 
= 1 ) 



which defines the flow-deflection angle. The expression for the flow 
velocity is obtained by integration of the resulting combination of 
equations (19) and (21) and may be written 


V_ 

V S 


. s(6 c 2 + eu, s ) i(6 2 -5 s 2 ) 

W/ 


eus 

2 



( 22 ) 


Now the Mach number may be expressed in terms of the above velocity ratio 



Experimental results indicate (as will be shown later) that, at small 
angles of attack, the shock-wave angles and pressure coefficients in the 
plane cp = 0 are approximately the same as those for the circular cone. 
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which, after substitution of equation (22) and neglecting second-order 
terms, becomes 



- 2 




w 



(23) 


Finally, flow conditions at the shock are obtained from the oblique-shock 
relations given by equations (15), (l6), and (17) reduced to the form 



(7 + 1) 2 Moo 2 (uj s + a) 2 


[2 7 H» 2 (^ + a.) 2 - (7 - 1)][( 7 - 1)J4x> 2 (u* 3 + a) 2 + 2] 

+ a) 2 - 1 


Moo(&S + a) = 


7+1 


H»(^s + a ) 


(24) 

(25) 


and 


PS 


+ a ) 2 - (7 - 1 ) 

7+1 


(26) 


respectively. 

There remains the determination of e in order to obtain the shock- 
wave angle, cjg, from equations (21) and (25). It can be shown by an 
analysis identical to that presented in reference 9 that 3 


e 

a 


7 + 1 

4 


1 + 2 -|- 1 ( H » 8 c ) 2 


1 + 


+ 1 


(^s c r 


1 . 2_±_i Zn 


(Hx,8 c ) 2 


1 + 2-i! 


(27) 


The shock angle can now be evaluated by the simultaneous solution of 
equations (21), (25), and (27). This has been done with the aid of the 


3 An expression for 1 - e/a was developed in reference 9 and differs 
from the present relation in the logarithm term since only the first term 
of a logarithm series was retained in that development. 
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IBM 650 electronic computing machine, and results in the form (iog/S c ) 0 
for values of H*jSc from 0.1 to 3.0 and a/s c from 0 to 1 are presented 
in table I. Once the shock-wave angle has been obtained from the table, 
it is a simple matter to determine all the other flow quantities in the 
plane cp = 0 from equations (21) through (27). 


Flow conditions in the plane of the wing (cp = jt/2).- Because of the 
presence of the wing in this plane, w = 0 and the conical-flow equations 
obtained for the plane cp = 0 hold identically in the plane of the wing. 
Thus, the flow -deflection angle is defined by (noting that (cog) = A) 


±,h.±(%£) (i)i n “ 

S c to S c \ocp / Jt/2 W s c 


( 28 ) 


Similarly, the expressions for the velocity and Mach number become 



respectively. The ratio of the local static pressure to the static 
pressure at the shock for hypersonic flow is given by 

27 

JL = 

p s "w 


The Mach number, flow deflection, and static pressure at the shock are, 
of course, obtained from the oblique -shock relations (15), (l6), and (17) 
which now become 



(7 + l) 2 (H 30 A) 2 cos 2 ('P) Jt/2 


27 (MooA) 2 COS 2 ( if) jt/2 - (7 - 1 ) 


(7 - l)(M 00 A) 2 cos 2 (Y) Jt/2 + 2 


( 32 ) 
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&S _ (M 0 oA) 2 cos 2 ('F) jr/2 - 1 

(33) 


c 2 cos W n/2 

and 

P s 2 7 (^A) 2 cos 2 ('?) Jt/2 - (7 - 1) 
^00 7+1 

(34) 


respectively. Consider now equation (28) in combination with equation (33). 
Then , 


i 

5 C V^/rt/2 


1 + 




(K> 5 c ) 2cos (' ? ) Jt/2 - (Hx 5 A) 2 cos 2 ('f ) jt/2 
44 H»S c MooA cos('?) jt/2 ln 4 


(35) 


The only remaining unknown in the foregoing expressions is 

If this angle were known, flow conditions on the wing, as well as those 
around the shock and in the plane cp = 0 , could he calculated by means of 
the expressions so far obtained. As mentioned earlier in the discussion 
of the flow pattern shown in sketch (c), can "* De evaluated by 

matching at the wing-body juncture the pressure calculated in the plane 
of the wing to the pressure calculated on the surface of the body. Now 
the static pressure in the plane of the wing can be calculated by means 
of equations (31) and (3*0- However, in order to calculate the static 
pressure on the body surface, expressions defining the flow on this sur- 
face must be obtained. Attention is therefore turned to this matter. 

Flow conditions on the body surface .- The concept of a vortical 
singularity in supersonic flow around a cone was introduced by Ferri in 
reference 10 where it was shown that all constant entropy surfaces must 
intersect along the generator lying in the meridian plane on the leeward 
side. It was also demonstrated that for small angles of attack the sin- 
gularity lies on the surface itself. Holt, in reference 11, demonstrated 
that such a singularity can arise only at points where the resultant 
velocity is directed along the radial line (i.e., w = v = 0 ), and that at 
the singularity the velocity is many-valued and the vorticity is infinite, 
but the pressure is single -valued. For configurations of the type under 
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consideration, then, the lines of constant entropy in a plane normal to 
the configuration axis will appear something like those shown in sketch (e). 


The singularities will occur at the wing-body junctures since w = v = 0 
and dw/ckp < 0 at these points. Thus, the angle of attack is assumed 
sufficiently small that the singularity will remain on the surface of the 
cone. The thickness of the vortical layer around the cone surface can be 
neglected then, since it was shown in reference 10 to be the order of a, 2 . 
Since the entropy on the surface is constant it must have the value that 
exists in the plane cp = 0. Thus, 


where the subscripts c and e refer to conditions inside and outside 
the vortical layer, respectively. It follows then from equation (la) 
that 


which holds on either side of the vortical layer, even though w is 
discontinuous across the layer. Consider now the w component of veloc- 
ity on the surface externally adjacent to the vortical layer expressed in 
the form 


Shoe 



4 > =o 

Sketch (e) 


v c = v e = 0 


and 


Ec = (E) 0 



or 



(36) 



( 37 ) 
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where the prime in the above expression refers to the derivative with 
respect to cp. Then, upon integration, equation ( 36 ) becomes 


u P 


(v c ) f 


= 1 + 5~F 


(38) 


and the resultant surface velocity may be written 

.2 


fe • 


1 + 2& C F + (F* )‘ 


(39) 


since, as will be shown subsequently, F and F' are first-order quantities. 
The corresponding Mach number ratio may be expressed as 


OJ 


1 . (m c ) 


•ter- 




(40) 


which y by virtue of equation (39)> reduces to 




1 . 2_^i: (m c 6 c ) o 2 


2^ + f£l 


(41) 


where (from eqs. (9)> (ll), and (37)) 
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n /2 v 'o. 


( 42 ) 


and (upon integration of eq. (42)) 
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It can be seen from equations ( i+2 ) and (43) that F* and F are of the order of 5c. Thus, the 
two right-hand terms in equation (39) are second -order terms. The Mach number directly on the 
body surface. Me, may be related to the Mach number at the vortical layer, Me, by (see ref. 9) 


Me 
M, 

where (by virtue of eq. (4)) 

Ec Ee r 2?M B0 2 (wQ + a) Q 2 - (7 - l)" 17 


= e 


Ec~Ee 

7 c v 


7 c v = 


P 


r (H 30 n) g cos 2 T[( 7 - i)Hx, 2 (<-os + a )p 2 + 

^M 00 2 (w s + a) Q 2 [ (7 - l)(iy^n) 2 cos 2 T + 2] 


27 (M^fiJ^os 2 ^ - (7 - 1) 

and ft and ¥ are defined by equations (12) and (14), respectively. Then, 

[ _2 E c -E e - -2 

(Ms)ol 

M C ^ 
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(44) 
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7 c v 
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\M C J 
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(45) 


and the ratio of the static pressure anywhere on the body surface to the static pressure at the 
shock at cp = 0 is given by 

27 

p 17 Mr -1 ^ "1 "Y ^ 






( 46 ) 
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Finally, the ratio of the surface pressure to the free-stream static 
pressure may he obtained by the combination of equations ( 26 ) and (46) 
which yields 



27 


' 27 H» 2 (u) s + <x) 0 2 - (7 - 1)” 

r(Ms) 0 i 

7 + 1 

M c 


( 47 ) 


The pressure coefficient is, of course, given by the relation 

2 


C p = 


7H>o 2 


- 1 


(48) 


It will be noted that the foregoing equations predict the ratios of local 
to free-stream Mach number and local to free-stream static pressures to 
be the same at corresponding points on related configurations, provided 
the flow fields about these configurations are defined by the same 
respective values of the hypersonic similarity parameters, I^6 C , 
tyyx (or a/6 c ), an d jy^A (or A/6c). These predictions are in agreement 
with those of reference 12 for inviscid flow about slender three- 
dimensional shapes. 


Evaluation of We are now in a position to calculate (^) jr / 2 

and, therefore, all flow properties on the surface of the complete con- 
figuration. This may be accomplished in the following manner. If the 
Mach number, angle of attack, and the conical configuration are given, 
then H»Sc> a/ 6 c , an( i ^/^c are known and a value for (¥):n :/2 is assumed. 
Then (^)jt / 2 is known from equation (l4) and the pressure under the vorti- 
cal layer at cp = tt/ 2 can be calculated by means of equation (47). The 
pressure externally adjacent to the vortical layer in the plane of the 
wing can be calculated by means of equations ( 31 ) and (34). Since there 
is no pressure change across the vortical layer, an iteration on (^) Jt / 2 
can be performed until the pressures on both sides of the layer are equal. 
This iteration has been performed on the IBM 65 O electronic computing 
machine and the resulting values of (Y)^^ for H»&c from 0.1 to 3*0 
and a/b c from 0 to 1 are given in table I for various values of A/$c- 
The values of the ratio of the static pressure to the free-stream static 
pressure at the bottom of the body, (p c /p oo ) , at the wing-body juncture, 
(Pc/Poq) and at the leading-edge of the wing, (p/p^)^, are also given 
in table I. 


It should be noted in table I that the range of a/5 c is restricted 
for certain values of A/6 C . As was mentioned previously in the analysis 
for conditions at the shock, this results from the fact that there is a 
maximum angle of attack for a given configuration and Mach number at which 
the shock wave can no longer remain attached to the leading edge of the 
wing. This occurs at = 0, since it represents zero attenuation of 

the strength of the shock. Thus, the values of A/& c given in table I 
for (^) Jt /2 = 0 represent minimum values (maximum leading-edge sweeps) for 
which the present theory will apply for a particular a/b c and, of 
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course, Moo^c* This is perhaps more clearly demonstrated in figure 2 
where ( A/^c)xn±n s ^ own plotted as a function of (o»/6 c ) max for various 
MooS c . Thus, for example, each line of constant Moo^c represents an upper 
limit of a/b c and a lower limit of A/Sq on the applicability of the 
theory for a given free-stream Mach number. 

Flow conditions off the surface . - Since only flows at high Mach 
number are considered in this analysis, the variation of the magnitude of 
the resultant velocity in a meridian plane will be small. Hence, the 
variation of u and v will be small and may be represented by a power 
series in (w - & c ) where the coefficients are evaluated in terms of the 
velocity component at the surface and at the shock and its derivative at 
the surface. Thus, 



where it can be shown that (see ref. 9) 



and (setting v = 0 in eq. (5)) 



In the above expressions, cog, w e , u e , and M e are given by equations (9), 
(ll), (38), and (4l), respectively, and (dw/<3u)) e and (dw/dcp) e may be 
obtained by the proper differentiation of equation (9). Finally, the 
radial component of velocity at the shock may be determined from the 
relation 


Ug = V 00 cos(u)g + a cos cp) 

and the normal component of velocity may be written 



where 
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The Mach number at the shock. Mg, is defined by equation ( 15 ). The 
components of the local velocity anywhere in the flow field external to 
the vortical layer and between the planes cp = 0 and cp = jt/2 are now 
known from equations (9), (49), and (50). Hence, the magnitude and direc- 
tion of the resultant velocity and, consequently, the Mach number may be 
easily determined. The local pressure coefficient, then, may be obtained 
from the relation 

C = 2 JL 

p " rM » 2 Vp„ P s 

where Pg/p^ is given by equation (17) and 


27 



The flow field about slender, conical, flat-top wing-body configura- 
tions traveling at high supersonic speeds and at small angles of attack 
can be calculated by means of the foregoing expressions. Explicit 
expressions defining the lift, drag, and pitching -moment coefficients will 
now be obtained. 

Lift, drag, and pitching -moment coefficients .- Because of the rather 
complicated nature of the expressions previously developed, resort must be 
made to graphical or numerical integration of the pressures acting on the 
surface in order to calculate the integrated aerodynamic forces. It Is 
first undertaken, therefore, to obtain algebraic expressions, yielding the 
surface pressures, which are amenable to simple analytic integration. In 
this regard, the tabulated pressure ratios in table I may be used to good 
advantage. For example, it will be noted from equation (lc) that Sp/Scp=0 
when w = v = 0. On the surface of the body, then, dp/dcp = 0 at cp = 0 
and cp = it /2, since w = v = 0 at these two points. Therefore, to a good 
approximation, the variation of static pressure around the body surface 
may be expressed in the form 



I 2 - = (l 2 -) cos 2 cp + (If) sin 2 cp ( 51 ) 

-^00 \*oa / o Voo/fl/ 2 

Similarly, the pressure at any axial station on the wing may be expressed 
in terms of the pressure at the wing-body juncture, the derivative at 
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this point, and the pressure at the leading edge. Thus 4 



■ [ ( 


TC / 2 


"tan Co - tan 6 C 
tan A - tan 5 C . 


(52) 


since, from equation (lb), Sp/Sco = 0 when w = v = 0. The surface pressure 
can he easily calculated by means of equations ( 51 ) and ( 52 ) and with the 
aid of table I. These equations are also easily integrated to obtain the 
lift, drag, and pitching -moment coefficients. Thus, for example, the 
normal -force coefficient for the body may be written 



where S is the total plan area and r^ e is the radial distance from 
the vertex of the wing to the trailing edge. The integral term in equa- 
tion (54) represents the normal force due to the pressures acting on the 
exposed area of the windward side of the wing whereas the last term is 
the contribution due to the leeward side of the wing. The axial-force 
coefficient for the body and the wing may be written (neglecting base 
drag) 


and 



4 The tangents are retained rather than the angles in the following 
expression to facilitate a subsequent analytic integration to obtain the 
aerodynamic forces acting on the wing. 
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respectively. Consider now a configuration having an arrow plan-form wing 
as shown in sketch (f). Then 



r te “ 


l-Qly(ta.n A - tan 6 c )sec w 
Zytan A - Z^tan 5 C - (Zy - Zp)tan co 


(57) 


and 


S = Z^Z^(tan A - tan S c ) + Zg 2 tan 6 C 


(58) 


Thus, upon substitution of equations (51) and (58) into (53) and equa- 
tions (52), (57), and (58) into (5*0 there is obtained, upon integration. 


% 



( 59 ) 


confide: 



In the case of a delta wing (i.e., Zy = Zb)> equation (60) is indeterminate 
in its present form. However, it can he shown that when Zw = Zb 



The axial -force coefficient due to the body is obtained by the integration 
of equation (55) which yields 



The axial-force coefficient contributed by the wing is given by equa- 
tion ( 56 ). Finally, the lift and pressure-drag coefficients may be 
calculated from the expressions 
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Cl 

= Cncos a - CASin a 

(63) 


cd 

= Cacos a + Cusin a 

(610 


where, of course. 


c w = c % + c % 

C A = c A b + C A W 


Now the expression for the pitching-moment coefficient due to the pressure 
forces acting on the fuselage side of an arrow plan-form wing may he 
written (see sketch (f)) 


^ lower 


37^Z B S J* \*oo 
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(~ ~ 

\P 

\ a 


r t e 3 c°s 


co du) 


( 65 ) 


which, upon substitution of equations (52), (57)> and (58), maybe inte- 
grated to yield 


^^whower 



1 






+ 2 In 


iw 

Zp 



( 66 ) 


Since the pressure on the leeward side of the wing is assumed constant, 
this contribution to the pitching -moment coefficient can be shown to be 
(by virtue of eq. (7)) 
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oAw\ tan X A W -A 
VB J tan 6 c VB J 

7 A tan X . 7 
_VB / \ tan 5 c y 


3 

AwV tan X _iV 1 
\lB/ \ tan s c / 

) 


( 67 ) 


The pitching -moment coefficient for slender conical bodies of revolution 
is defined by 



Thus, the total pitching -moment coefficient may be written 

°m = - | + Slower + (C V upper ' 

In the case of a delta wing configuration (i.e., Zy = 1 - q ) , the total 
pitching -moment coefficient is, of course. 


Cm = - | C N 

The lift and major portion of the pressure drag, as well as the pitching 
moment, may he calculated hy means of the foregoing expressions 5 since 
the pressure ratios in these expressions are tabulated in table I. It is 
clear, of course, that the leading-edge drag, base-pressure drag, and 
skin-friction drag must also be considered in a complete evaluation of the 
lift and drag characteristics of the configuration. 


5 The retention of the trigonometric functions is optional in these 
expressions. They have been retained since they result from purely 
geometrical considerations. 
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Flow About Pointed Flat -Top Wing -Body Configurations 
Which are Curved in the Stream Direction 


It was demonstrated in reference 13 that many three-dimensional 
hypersonic flows may be treated by a generalized shock-expansion method 
which is analogous to that employed in reference 8 for two-dimensional 
flows. Application of the method in meridian planes about curved bodies 
of revolution (see ref, 13 ) indicated that these flow fields could be 
calculated with good accuracy provided the hypersonic similarity param- 
eter, MooS c , is about 1 or greater and the angle of attack is small. Since 
the present configurations are assumed to have half -bodies of revolution, 
the generalized shock-expansion method is also applicable to these con- 
figurations when MooS c ^1 and a « 1. In fact, the general procedure of 
calculating the flow is identical to that employed in reference 9. It is 
clear, of course, that the initial conical flow conditions at the vertex 
are determined from the expressions previously developed in the present 
paper. In this connection, expressions defining the flow downstream of 
the vertex are obtained which are applicable to hypersonic flow about 
slender configurations and, thus, are compatible with those defining the 
flow at the vertex. The following expressions, then, can be deduced 
directly from those presented in reference 9 by applying the condition 
of hypersonic flow and slender bodies. With these points in mind, atten- 
tion is first turned to the calculation of the flow on the surfac'e of the 
body. 

Flow conditions on the body surface . - The differential equation for 
Prandtl -Meyer flow relating the change in Mach number with flow inclina- 
tion angle along a streamline 6 reduces to (see ref. 14) 


for hypersonic flows. This expression is easily integrated to yield 


where M c is the Mach number under the vortical layer at the vertex and 
is defined by equation (45). Wow the pressure rise across the shock is 
given by equation (26) and the ratio of the pressure anywhere on the body 
surface to the pressure at the shock in the plane cp = 0 may be determined 
from the relation 


6 It should be noted that since w = 0 at cp = 0 and cp = tc/ 2, the 
meridian lines in these two planes are exactly streamlines. 


y-l 

dp. = as 
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Thus, the expression defining the pressure coefficient anywhere on the 
surface of the body may be written in the form 


Cp = 


2 I 2 7 H 50 2 (uj s + a) 0 2 - (7-1) 




7+1 
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c/J 
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Flow conditions in the plane of the wing . - Flow properties on the 
wing surface are dictated by the flow field generated by the body in the 
plane cp = jt/2, subject, of course, to the boundary conditions imposed 
by the wing. Thus, the calculation of the flow in this plane is similar 
to the calculation of the flow field between the body surface and the 
shock in a meridian plane for a body of revolution. Consistent, then, 
with the hypersonic approximations of the present paper, expressions pre- 
sented in reference 9 for calculating the flow inclination, the static 
pressure, and the total pressure along a line normal to the body axis a 
short distance downstream of the vertex reduce to 


8 = &b 


1 - i 


i - 0 ] * { 


5 S - &b 


1 - i 
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y - yB 

7s - yR 


P - Pg 
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(y - y s ) + 


^P-t^B ~ ^Pt^< 


(dp^/d.0) (d0/dS)' 


0-8 


(y B - y s ) 


y - ys 

7b - y& 


respectively, where B and S are points on the line corresponding to the 
body surface (wing -body juncture) and the shock (wing leading edge), 
respectively. The derivatives in the above expressions reduce to 


ONFIDENTIAL 


NACA RM A58F02 



29 


dp^. ^ 4.7 

dT ~ (7 + 1)0 
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27(Mqq3) - (7 - 1) 
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1 " M C (A - 6 C ) 
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(69) 


where Kg is the curvature of the body at the vertex; 

0 = A cos Y ( 70 ) 



and (l/5 c )(Sw 2 /6cp) 7t/2 is given by equation (35). The derivative given by 
equation ( 69 ) is evaluated at the vertex and therefore can be determined 
from the previous solution of the flow about flat-top conical configura- 
tions. The shock-wave parameter, 0, in the above expressions is defined 
by equation ( 70 ) and represents the shock angle associated with the com- 
ponent of free-stream Mach number normal to the shock at the leading edge. 
Flow conditions on the surface of the wing in the region of the vertex 
can be completely determined by means of the foregoing expressions. The 
remainder of the flow field in the plane of the wing can be calculated by 
employing the procedure discussed in reference 9 pertaining to bodies of 
revolution. The pressure on the leeward side of the wing may be calculated 
from equation ( 7 ). 

It is interesting to note that the flow about flat -top configurations 
having wings with straight leading edges, as well as those which are curved 
in the stream direction, can be calculated by means of the generalized 
shock-expansion method. To illustrate, consider the following three cases: 
(l) a wing with leading edges which are curved but with the shock always 
normal to the leading edge; (2) a wing with constant leading-edge sweep; 
and ( 3 ) a wing with curved leading edges but with local sweeps always less 
than case (l). All these wings, of course, have supersonic leading edges. 
Now if the shock is normal to the leading edge, then Y = 0 (see sketch (c)) 
and the variation of A can be determined from equation ( 70 ). This is 
tantamount to replacing 0 by A in the Rankine-Hugoniot shock relations. 
Thus, case (l) corresponds to the calculation of the flow on a wing which 
is designed to just contain the flow field bounded by the body surface and 
the bow shock and the " design" plan form will vary with angle of attack. 
The flow on the wings corresponding to cases (2) and ( 3 ) can also be cal- 
culated since A is known and, therefore, ¥ can be calculated from 
equation ( 70 ) once 0 has been determined. 

CONFIDENTIAL 


30 


CONFIDENTIAL 


NACA RM A58F02 


I 


EXPERIMENT 


In order to obtain a check on the predictions of the preceding 
theoretical analysis, the pressures acting on the surfaces of several 
wing-body configurations were determined experimentally at Mach numbers 
from 3.0 to 6.0 and at angles of attack up to 6 °. A brief description 
of these tests follows. 


Test Apparatus 


Tests were conducted in the Ames 10- by 14-inch supersonic wind 
tunnel. A detailed description of the wind tunnel and auxiliary equipment 
may be found in reference 15. The pressures acting on the model surfaces 
were measured with a mercury U-tube manometer or by means of a dibutyl - 
phthalate U-tube manometer when the pressures were low enough to be 
recorded on the latter. 

Pressure-distribution models were mounted on a 3° bent support which 
could be pitched through an angle-of -attack range of -3° to +3°. The 
test models consisted of three basic configurations - two conical models 
and one ogive model. The conical models consisted of thin triangular 
wings beneath which were mounted fuselages composed of, in one case, one- 
half of a fineness -ratio -5 cone and, in the other, one-half of a fineness - 
ratio-2 -l/2 cone. Two wings of different leading-edge sweep were tested 
on each body. In the case of the ogive model, the fuselage consisted of 
one -half of a fineness -ratio -5 ogive mounted beneath a thin wing, the 
leading edges of which were coincident with the theoretically determined 
shock wave for (^) n/2 = 0 (case (l) in the analysis section) at a Mach 
number of 5-0 and an angle of attack of 3°. The dimensions of these 
models and the location of the pressure orifices are shown in figure 3 . 

Pressures on the model surfaces were measured at 0°, 3°> and 6 ° angles 
of attack at test Mach numbers of 3*0, 4.0, 5.0, and 6.0. The Reynolds 
number per foot varied from 8.6 million at Mach number 3*0 to 1.4 million 
at Mach number 6.0. The pressures around the body surface and on the high- 
pressure side of the wing were recorded simultaneously at each Mach number 
and angle of attack at stations symmetrically disposed with respect to the 
plane of symmetry (i.e., ±cp; see fig. 3). These pressures were reduced to 
coefficient form and the average pressure coefficient was assumed to repre- 
sent the pressure coefficient at each meridian angle, cp, and ray angle, go. 
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Accuracy of Test Results 


The variation in Mach number from the nominal value did not exceed 
± 0.05 in the region of the test section where the models were located. 

The precision of the computed pressure coefficients was affected by inac- 
curacies in the pressure measurements, as well as uncertainties in the 
stream angle and the free -stream dynamic pressure. The resulting errors 
in pressure coefficients were generally less than ± 0.005 throughout the 
Mach number range for all angles of attack. The meridian angles and 
angular wing stations at which the pressure coefficients are plotted are 

considered accurate to within ±1°. 


It will be recalled in the development of the theory that the flow 
field in the plane of symmetry (cp = 0) was assumed to be the same as that 
for the circular cone. It is appropriate, therefore, to examine the 
validity of this assumption before proceeding with a comparison of the 
theoretical and experimental surface pressures. To this end, the shock- 
wave angle at cp = 0 was measured from shadowgraph pictures for each test 
Mach number at a = 3°. The results of these measurements are compared 
in figure 4 with the shock angles for the complete cones which were also 
obtained from shadowgraph pictures. Only one set of data is shown for 
each fuselage since the effect of leading-edge sweep was not discernible 
from the shadowgraph pictures. Also shown for comparative purposes are 
the predictions of Stone’s first-order theory for inclined circular cones 
(ref. 16 ), as presented in reference 17 , along with the predictions of 
the theory of the present paper. It is evident that the wing has little 
effect on the shock-wave angle of the cone at cp = 0, at least for angles 
of attack up to 3°. It will be noted that the present theory yields 
shock -wave angles which are slightly too large. The variation of pressure 
coefficient at cp = 0 with angle of attack for the two test configurations 
is shown in figure 5 for the test Mach numbers 3.0 and 5.0. Experimental 
results taken from reference 9 are also shown for the fineness -ratio-2-l/2 
cone (5 C = 11.42°). As in the case of the shock-wave angles, only one 
set of pressure data for each configuration is shown since the pressures 
were essentially unaffected by the small changes in leading-edge sweep of 
the test models. (Experimental data for a fineness -ratio -5 cone were not 
available.) Stone’s second-order theory for inclined cones (ref. 18) 
applied in the manner described in reference 19 is also presented except 
for the case where S c = 11.42° and = 5.0 which is beyond the range of 
the M.I.T. tables (ref. 20). For this case, the predictions of the theory 
for inclined cones presented in reference 9 are shown. It appears in 
figure 5 that the presence of the wing increases the pressures slightly 
in the plane cp = 0, particularly in the case of the more slender of the 
two configurations. However, this effect is sufficiently small 


RESULTS AND DISCUSSION 



CONFIDEOTIAL 


NACA RM A58F02 


(approximately within the range of experimental scatter) so that it can, 
for all practical purposes, be neglected. It should be noted that agree- 
ment between the present theory and experiment improves with increasing 
slenderness and increasing Mach number. On the basis of the comparisons 
shown in figures 4 and 5 it is indicated that, at least for cases where 
the leading edges of the wing are subsonic (M < 5) or moderately super- 
sonic, flow conditions in the plane cp = 0 can be considered to be the 
same as those associated with the corresponding circular cone with only 
a slight loss in accuracy. 


The experimental pressure distributions obtained on the four conical 
flat -top wing -body combinations (see fig. 3) are shown in figures 6, 7; 

8, and 9. The data are plotted in the form of surface pressure coeffi- 
cients as a function of the meridian angle, cp, for the body and as a 
function of the difference between the ray angle, w, and the body vertex 
angle, S c , for the wing. Also shown in these figures are the predictions 
of the present conical-flow theory, where applicable, as well as results 
obtained from reference 21 for noninclined cones. Although the latter 
results are strictly applicable only for the cases where the wing leading- 
edge angle is equal to the axially symmetric shock angle produced by the 
body (i.e., ^ = 5.0, A = 13° and A = 16.9°; see figs. 6(c) and 8(c)), 
the theoretical pressure coefficients are nevertheless shown for all test 
Mach numbers at a = 0°. It is interesting to note that the results of 
reference 21 are in good agreement with experiment even for the subsonic 
leading-edge cases (Mqo < 5). It also appears from the magnitude and con- 
tinuous distribution of pressures on the wing at M^ = 6.0 that the bow 
shock remains attached to the leading edge and the cone pressure field 
is distributed over the entire surface of the wing. It should also be 
noted that the pressures on the body are negligibly affected by the wing 
at all test Mach numbers at a = 0°. Consider now the predictions of the 
conical flow theory of the present paper. Although the theory is not 
strictly applicable below a Mach number of 5.0 for the test configurations 
(see fig. 2), theoretical results obtained for (^’) Jt / 2 = 0 are nevertheless 
shown for the lower test Mach numbers at a = 0°. As in the case of the 
predictions of reference 21, the present theory may, from a practical 
standpoint, also be considered applicable to wings whose leading edges 
lay inboard of the bow shock wave at a = 0°. It should be recalled, 
however, that the theory is applicable to hypersonic flow fields and, 
therefore, would be expected to yield good results only at relatively 
high Mach numbers. It can be seen from figure 2 that for A = 13° 

(X/6 C = 2.28) the theory is applicable only for a = 0° at Mqo = 5.0 and 
for angles of attack up to 3° (a/S c = 0.525) at M^ = 6.0 (fig. 6). Simi- 
larly, when A = 14.6° (A/b c = 2.55); the theory is applicable for angles 
of attack up to 3° at ^ = 5.0 and for angles of attack up to 5-7° 

(a/S c = l) at Mqo = 6.0 (fig. 7). The same general remarks concerning the 
applicability of theory also apply to the less slender configurations. 

The predictions of theory where applicable are compared with experiment 
for these configurations in figures 8 and 9- It will be recalled that 
the development of the theory proceeded from the basic assumptions 
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that 5 « 1, co « 1, and M » 1. It would be expected, then, that theory 
should yield more reliable results for slender configurations at high Mach 
numbers. It is indicated by the results shown in figures 6 through 9 that 
agreement between theory and experiment improves with increasing Mach num- 
ber and, in general, agreement is better for the more slender configura- 
tions. The pressure distributions calculated by means of equations (51) 
and ( 52 ) are also shown in figures 6 , 7 , 8 , and 9 and, in general, are in 
reasonably good agreement with experiment, although equation ( 52 ) tends 
to overestimate the pressures slightly on the wing (compared to the more 
exact equation) at a = 0°. It should be noted in table I that (^) jr/2 
attains its maximum value at a = 0 ° when A > (wg ) a=0 anc ^ increases 
quite rapidly with increasing A. Thus, for example, for the case where 
A = 14.6° at M^o = 6.0 and a = 0 ° (fig. 7(d)), ( y ) k / 2 is 4l°. From the 
definition of Y as shown in figure 1 , it can readily be seen that the 
cross-sectional shape of the conical shock will deviate considerably from 
a circular arc when ( > F ) jt / 2 = 4 l°. 

Since the theory is based on the assumptions 6 « 1 and A « 1, it 
is evident that when the wing semivertex angle is large compared to the 
axially symmetric shock angle produced by the body or, in effect, large 
values of A/& c , the theory will tend to break down. More experimental 
data are needed to determine the practical range of applicability of the 
theory with respect to this parameter. It should be noted, however, that 
considerations of drag and aerodynamic heating will dictate high sweep 
and, hence, moderate values of A/b c at hypersonic speeds. 

It is of interest now to consider briefly the accuracy of the 
predictions of theory for the lift, drag, and pitching -moment coefficients. 
These coefficients have been calculated by means of equations ( 63 ), ( 64 ), 
and (68) (and, of course, table I) for a configuration having an arrow 
plan-form wing (A = 15°) beneath which is mounted one-half of a fineness- 
ratio-5 cone. The results of these calculations for a Mach number of 5.0 
along with experimental results taken from reference 2 (model 6 in that 
reference) are shown in figure 10. The drag polar was obtained by calcu- 
lating the variation of drag with angle of attack by means of equation ( 64 ). 
The drag coefficient was then matched with the experimentally measured 
drag coefficient at a = 0°. The difference in drag coefficient thus 
obtained was assumed constant over the angle-of -attack range. In effect, 
then, the skin-friction drag, leading-edge drag, and base-pressure drag 
were assumed to be independent of angle of attack. In general, agreement 
between theory and experiment is good. 

As a final point, consideration is now given to the accuracy with 
which the solutions for flow about conical configurations in combination 
with the generalized shock-expansion method predict the flow about wing- 
body combinations which are curved in the stream direction. The pressure 
distributions on the surface of a configuration having a fuselage consist- 
ing of one-half of a fineness -ratio -5 ogive mounted beneath a thin wing 
whose leading edges were theoretically determined so that they coincided 


3 ^ 



CONFIDENTIAL 


NACA RM A58F02 


with the shock wave for (^) jr/2 = 0 at H» = 5.0 and a = 3° were calculated 
using the methods of this paper. These distributions along with the 
results of pressure -distribution tests are presented in figure 11. The 
trend of the pressure distribution on the wing is in good agreement with 
experiment. Although the absolute magnitude of the pressure is low, it 
should be noted that the similarity parameter, Mb& c , is 1 in this case 
and, thus, represents the minimum condition for applicability of the 
shock-expansion method. 


CONCLUDING REMARKS 


The flow about conical flat -top wing -body configurations at high 
supersonic speeds was investigated analytically. With the assumptions of 
high supersonic Mach numbers, slender configurations, supersonic leading 
edges, and small angles of attack, an approximate theory was developed 
yielding the Mach number and pressure distributions on the surface. Sim- 
ple, explicit, algebraic expressions for calculating the lift, pressure- 
drag, and pitching -moment coefficients were also presented. A solution 
to the flow about pointed flat -top wing -body configurations which are 
curved in the stream direction was obtained by combining the conical flow 
solution with a slender-body approximation to the generalized shock- 
expansion method. 

Surface pressures were obtained experimentally at Mach numbers from 
3.0 to 6.0 and angles of attack up to 6° for several flat -top wing -body 
configurations. These configurations consisted of half -bodies of revolu- 
tion mounted beneath thin highly swept triangular wings. The bodies of 
the conical configurations consisted of one-half of a fineness -ratio -5 
cone in one case and one-half of a fineness-ratio-2-l/2 cone in the other 
The body of the third configuration consisted of one-half of a fineness- 
ratio-5 ogive. For this configuration, the leading edges of the wing 
were curved and designed to just maintain the theoretically determined 
bow shock along the leading edge at a Mach number of 5.0 and an angle of 
attack of 3°. The predictions of the conical-flow theory of this paper 
for the surface pressures were in good agreement with experiment at Mach 
numbers of 5.0 and 6.0 up to angles of attack of approximately 3°. Esti- 
mated lift, drag due to lift, and pitching -moment coefficients were in 
good agreement with existing experiment for a conical configuration at a 
Mach number of 5.0. The generalized shock-expansion method yielded rea- 
sonably good agreement with experiment for the half -ogive configuration 
at a Mach number of 5.0 and angle of attack of 3°. 
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TABLE I.- FUNCTIONS FOR CALCULATING THE FLOW ABOUT FLAT -TOP CONFIGURATIONS 


Moo&c 

X 

Be 

a 

B^ 

w 0 

010 

1 OH 9 9 2 

0.0 o 

1 0 .0 5 9 8 

010 

1 OH 9 9 2 

OH 0 

093854 

0.10 

1 OH 9 9 2 

0.20 

0 9 .9 1 1 2 

010 

1 OH 9 9 2 

0J50 

0 9 .8 3 7 4 

010 

1 0H9 9 2 

0.4 0 

0 9 .7 6 3 8 

010 

1 OH 9 9 2 

0.50 

093906 

010 

1 OH 9 9 2 

0.6 0 

0 9 .6 1 7 7 

010 

1 OH 9 9 2 

0.7 0 

093451 

OIL 0 

1 OH 9 9 2 

0.8 0 

0 9 .4 7 2 8 

010 

1 OH 9 9 2 

0.9 0 

0 9 .4 0 0 8 

OHO 

1 OH 9 9 2 

1.0 0 

093292 

010 

1 OH 8 2 3 

0.0 0 

1 0 .0 5 9 8 

010 

1 OH 8 2 3 

0.10 

0 9 .9 8 5 4 

0 H 0 

1 OH 8 2 3 

0.2 0 

0 9 .9 1 1 2 

OHO 

1 OH 8 2 3 

030 

0 9 .8 3 7 4 

010 

1 OH 8 2 3 

0.4 0 

0 9 .7 6 3 8 

0 H 0 

1 OH 82 3 

0.5 0 

093906 

OH 0 

1 OH 8 2 3 

0.6 0 

093177 

010 

1 OH 8 2 3 

0.7 0 

0 9 .5 4 5 1 

010 

1 OH 8 2 3 

0.8 0 

0 9 .4 7 2 8 

OHO 

1 OH 8 2 3 

0.90 

0 9 .4 0 0 8 

010 

1 OH 66 1 

0.0 0 

1 0 .0 5 9 8 

010 

1 OH 66 1 

OH 0 

0 9 .9 8 5 4 

010 

1 OH 66 1 

0.20 

0 9 .9 1 1 2 

OIL 0 

1 OH 6 6 1 

03 0 

0 9 .8 3 7 4 

010 

1 OH 66 1 

0.4 0 

0 9 .7 6 3 8 

010 

1 OH 66 1 

0.5 0 

093906 

0.1 0 

1 OH 66 1 

0.60 

09.6177 

010 

1 OH 66 1 

0.7 0 

093451 

010 

1 OH 66 1 

0.8 0 

0 9 .4 7 2 8 

010 

10H 50 5 

0.0 0 

1 0 .0 5 9 8 

OHO 

1 OH 5 0 5 

OH 0 

0 9 .9 8 5 4 

0 JL 0 

1 OH 50 5 

0.20 

0 9 .9 1 1 2 

0 JL 0 

1 OH 5 0 5 

030 

0 9 .8 3 7 4 

OIL 0 

1 OH 50 5 

0.4 0 

0 9 .7 6 3 8 

OHO 

1 OH 50 5 

030 

0 9 .6 9 0 6 

OHO 

1 OH 50 5 

03 0 

093177 

OHO 

10H 50 5 

0.7 0 

093451 

OHO 

1 OH 3 5 5 

0.0 0 

1 0 .0 5 9 8 

OHO 

1 OH 3 5 5 

OH 0 

0 9 .9 8 5 4 

OHO 

1 OH 3 5 5 

0.2 0 

0 9 .9 1 1 2 

OHO 

1 OH 3 5 5 

030 

0 9 .8 3 7 4 

OHO 

1 OH 3 5 5 

0.4 0 

0 9 .7 6 3 8 

OHO 

1 OH 3 5 5 

030 

093906 

OHO 

1 OH 35 5 

03 0 

093177 

OHO 

1 OH 2 1 2 

0.0 0 

1 0 .0 5 9 8 

OHO 

1 OH 2 1 2 

OHO 

0 9 .9 8 5 4 

OHO 

1 OH 2 1 2 

02 0 

0 9 .9 1 1 2 

OHO 

10H212 

030 

0 9 .8 3 7 4 

OHO 

1 OH 2 1 2 

0.4 0 

0 9 .7 6 3 8 

OHO 

1 OH 2 1 2 

030 

0 9 3 9 0 6 

OHO 

1 OH 0 7 6 

OX) 0 

1 0X)5 9 8 

OHO 

1 OH 0 7 6 

on 0 

0 9 .9 8 5 4 

OHO 

1 0.1 0 7 6 

02 0 

0 9 .9 1 1 2 

OHO 

1 OH 0 7 6 

0.3 0 

0 9 .8 3 7 4 

OHO 

10.107 6 

0.4 0 

0 9 .7 6 3 8 

OHO 

1 0.09 4 6 

0.0 0 

1 0 .0 5 9 8 

OHO 

10D946 

OH 0 

0 9 .9 8 5 4 

OHO 

1 0.09 4 6 

0.20 

0 9 .9 1 1 2 

OHO 

1 0.09 4 6 

0.3 0 

0 9 .8 3 7 4 

OHO 

1 0.0 8 2 3 

0.0 0 

1 0 .0 5 9 8 

0.1 0 

1 0 .0 8 2 3 

OH 0 

0 9 .9 8 5 4 

OHO 

1 OX) 8 2 3 

0.2 0 

0 9 .9 1 1 2 

OHO 

1 0 .0 7 0 7 

0.0 0 

1 0 .0 5 9 8 

OHO 

1 0.07 0 7 

OHO 

09.985 4 

OHO 

1 0.0 5 9 8 

0.0 0 

1 0 .0 5 9 8 


/Pc\ 

\Poo/ 0 

w«/. 



0 1 .0 3 9 9 

0 OH 6 6 0 

0 1 .0 3 9 9 

0 1 .0 1 3 8 

0 1 .0 4 4 6 

0 OH 59 5 

0 1 .0 4 2 9 

0 1 .0 1 6 3 

0 1 .0 4 9 4 

0 OH 5 22 

0 1 .0 4 6 2 

0 1.01 9 1 

0 1 .0 5 4 6 

0 OH 4 4 0 

0 1.0 4 9 6 

0 1.0 2 2 0 

0 1 .0 5 9 9 

0 OH 3 4 8 

0 1 .0 5 3 3 

0 1.0 2 5 0 

0 1 .0 6 5 4 

0 0 .1 2 4 3 

0 1 .0 5 7 2 

0 1 .0 2 8 3 

0 1 .0 7 1 1 

0 0 .1 1 2 3 

0 1 .0 6 1 4 

0 1.03 1 7 

0 1 .0 7 7 1 

0 0 .0 9 8 2 

0 1 .0 6 5 7 

0 1.03 5 3 

0 1 .0 8 3 3 

0 0 .0 8 0 9 

0 1 .0 7 0 3 

0 1.0 3 9 0 

0 1 .0 8 9 6 

0 0 .0 5 7 5 

0 1 .0 7 5 0 

0 1 .0 4 2 9 

0 1 .0 9 6 2 

0 0 .0 0 0 0 

0 1 .0 7 9 9 

0 1.04 6 9 

0 1 .0 3 9 9 

0 OH 5 5 7 

0 1.0 3 9 9 

0 1 .0 1 3 8 

0 1 .0 4 4 6 

0 0 .1 4 8 7 

0 1 .0 4 2 9 

0 1.01 6 4 

0 1 .0 4 9 4 

0 OH 4 0 9 

0 1 .0 4 6 2 

0 1 .0 1 9 1 

0 1 .0 5 4 6 

0 0 H 3 2 0 

0 1.04 9 7 

0 1.02 2 0 

0 1 .0 5 9 9 

0 0 .1 2 1 8 

0 1 .0 5 3 3 

0 1 .0 2 5 1 

0 1 .0 6 5 4 

0 0 .1 1 0 1 

0 1.05 7 3 

0 1.02 8 3 

0 1 .0 7 1 1 

0 0 .0 9 6 4 

0 1 .0 6 1 4 

0 1.0 3 1 7 

0 1 .0 7 7 1 

0 0 .0 7 9 4 

0 1 .0 6 5 7 

0 1.03 5 3 

0 1 .0 8 3 3 

0 0 .0 5 6 5 

0 1 .0 7 0 3 

0 1.03 9 1 

0 1 .0 8 9 6 

0 0 .0 0 0 0 

0 1 .0 7 5 0 

0 1 .0 4 2 9 

0 1 .0 3 9 9 

0 0 .1 4 5 2 

0 1 .0 3 9 9 

0 1 .0 1 3 9 

0 1 .0 4 4 6 

0 0 .1 3 7 6 

0 1 .0 4 2 9 

0 1 .0 1 6 4 

0 1 .0 4 9 4 

0 0 .1 2 9 0 

0 1 .0 4 6 2 

0 1.01 9 1 

0 1 .0 5 4 6 

0 0 .1 1 9 2 

0 1 .0 4 9 7 

0 1 .0 2 2 0 

0 1 .0 5 9 9 

0 OH 07 8 

0 1 .0 5 3 4 

0 1.02 5 1 

0 1 .0 6 5 4 

0 0 .0 9 4 4 

0 1.05 7 3 

0 1 .0 2 8 4 

0 1 .0 7 1 1 

0 0 .0 7 7 9 

0 1 .0 6 1 4 

0 1.03 1 8 

0 1 .0 7 7 1 

0 0 .0 5 5 5 

0 1.0 6 57 

0 1.0 3 5 4 

0 1 .0 8 3 3 

0 0 .0 0 0 0 

0 1 .0 7 0 2 

0 1 .0 3 9 1 

0 1 .0 3 9 9 

0 0 .1 3 4 2 

0 1 .0 3 9 9 

0 1.01 3 9 

0 1 .0 4 4 6 

0 0 .1 2 5 9 

0 1 .0 4 2 9 

0 1 .0 1 6 4 

0 1 .0 4 9 4 

0 0 .1 1 6 4 

0 1.0 4 62 

0 1.01 9 2 

0 1 .0 5 4 6 

0 0 .1 0 5 5 

0 1.0 4 9 7 

0 1.02 2 1 

0 1 .0 5 9 9 

0 0 .0 9 2 4 

0 1.0 5 3 4 

0 1.02 5 2 

0 1 .0 6 5 4 

0 0 .0 7 6 3 

0 1 .0 5 7 3 

0 1.02 8 4 

0 1 .0 7 1 1 

0 0 .0 5 4 4 

0 1 .0 6 1 4 

0 1.0 3 1 8 

0 1 .0 7 7 1 

0 0 .0 0 0 0 

0 1 .0 6 5 7 

0 1.0 3 5 4 

0 1 .0 3 9 9 

0 0 .1 2 2 7 

0 1 .0 3 9 9 

0 1 .0 1 3 9 

0 1 .0 4 4 6 

0 0 .1 1 3 6 

0 1 .0 4 2 9 

0 1.01 6 5 

0 1 .0 4 9 4 

0 0 .1 0 2 9 

0 1 .0 4 6 2 

0 1 .0 1 9 2 

0 1 .0 5 4 6 

0 0 .0 9 0 3 

0 1 .0 4 9 7 

0 1.02 2 1 

0 1 .0 5 9 9 

0 0 .0 7 4 6 

0 1 .0 5 3 4 

0 1.0 2 5 2 

0 1 .0 6 5 4 

0 0 .0 5 3 2 

0 1.0 5 7 3 

0 1.0 2 8 4 

0 1 .0 7 1 1 

0 0 .0 0 0 0 

0 1 .0 6 1 4 

0 1.03 1 8 

0 1 .0 3 9 9 

0 OH 1 0 5 

0 1 .0 3 9 9 

0 1.0 1 3 9 

0 1 .0 4 4 6 

0 0 .1 0 0 3 

0 1 .0 4 2 9 

0 1.01 6 5 

0 1 .0 4 9 4 

0 0 .0 8 8 1 

0 1 .0 4 6 2 

0 1.01 9 2 

0 1 .0 5 4 6 

0 0 .0 7 2 8 

0 1 .0 4 9 7 

0 1.02 2 1 

0 1 .0 5 9 9 

0 0 .0 5 2 1 

0 1 .0 5 3 4 

0 1.0 2 5 2 

0 1 .0 6 5 4 

0 0 .0 0 0 0 

0 1.05 7 3 

0 1.02 8 5 

0 1 .0 3 9 9 

0 0 .0 9 7 5 

0 1 .0 3 9 9 

0 1 .0 1 3 9 

0 1 .0 4 4 6 

0 0 .0 8 5 7 

0 1 .0 4 2 9 

0 1.016 5 

0 1 .0 4 9 4 

0 0 .0 7 1 0 

0 1 .0 4 6 2 

0 1 .0 1 9 2 

0 1 .0 5 4 6 

0 0 .0 5 0 8 

0 1.04 9 7 

0 1.0 2 2 2 

0 1 .0 5 9 9 

0 0 .0 0 0 0 

0 1.05 3 4 

0 1.02 5 2 

0 1 .0 3 9 9 

0 0 .0 8 3 3 

0 1.0 39 9 

0 1.014 0 

0 1 .0 4 4 6 

0 0 .0 6 9 0 

0 1 .0 4 2 9 

0 1 .0 1 6 5 

0 1 .0 4 9 4 

0 0 .0 4 9 5 

0 1 .0 4 6 2 

0 1 .0 1 9 3 

0 1 .0 5 4 6 

0 0 .0 0 0 0 

0 1 .0 4 9 7 

0 1.0 2 2 2 

0 1 .0 3 9 9 

0 0 .0 6 7 0 

0 1 .0 3 9 9 

0 1.0 1 4 0 

0 1 .0 4 4 6 

0 0 .0 4 8 1 

0 1 .0 4 2 9 

0 1.01 6 5 

0 1 .0 4 9 4 

0 0 .0 0 0 0 

0 1 .0 4 6 2 

0 1.0 1 9 3 

0 1 .0 3 9 9 

0 0 .0 4 6 6 

0 1 .0 3 9 9 

0 1.01 4 0 

0 1 .0 4 4 6 

0 0 .0 0 0 0 

0 1 .0 4 2 9 

0 1.0 1 6 6 

0 1 .0 3 9 9 

0 0 .0 0 0 0 

0 1 .0 3 9 9 

0 1.01 4 0 
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TABLE I.- FUNCTIONS FOR CALCULATING THE FLOW ABOUT FLAT -TOP 
CONFIGURATIONS - Continued 


MooBc 

X 

6 C 

a 

6 C 

W 0 

«t 

<*>«/• 

© 
v ' Jt/2 


0.20 

0 5 .4 4 3 7 

0.0 0 

0 5.1 1 8 6 

0 1 .1 2 4 6 

003512 

0 131 2 4 6 

0 1.05 2 5 

0.2 0 

0 5 .4 4 3 7 

03 L 0 

0 5 .0 5 0 4 

0 1 .1 4 2 2 

0 0 .3 3 5 6 

0 131 3 7 2 

0 1.06 6 2 

0.20 

0 5 .4 4 3 7 

0.20 

045830 

0 1 .1 6 0 6 

003186 

0 1315 05 

0 1.08 0 6 

0.2 0 

0 5 .4 4 3 7 

033 0 

0 4 .9 1 6 3 

0 1 .1 7 9 7 

002999 

0 1.1 6 4 5 

0 1.0 9 5 6 

0.20 

0 5 .4 4 3 7 

0.4 0 

0 4 .8 5 0 4 

0 1.1 9-9 6 

002792 

0 1.1 7 9 3 

0 1.1 1 1 2 

0 .20 

0 5 .4 4 3 7 

0.5 0 

0 4 .7 8 5 3 

0 132 202 

002562 

0 1.1 9 4 8 

0 1.1 27 4 

0.20 

0 5 .4 4 3 7 

0.6 0 

0 4 .7 2 1 0 

012415 

002302 

0 1 .2 1 1 0 

0 1.1 4 4 2 

0.2 0 

0 5 .4 4 3 7 

0.7 0 

0 4 .6 5 7 4 

0 1 .2 6 3 7 

002001 

0 1.2 2 8 0 

0 1.1 6 1 6 

0.20 

0 5 .4 4 3 7 

0.80 

0 4 .5 9 4 7 

012866 

0 o .1 6 3 7 

0 1.24 5 6 

0 1.17 95 

0 J 20 

0 5 .4 4 3 7 

0.9 0 

0 4 .5 3 2 8 

0 1 .3 1 0 2 

0 031 1 5 6 

0 1 .2 6 3 9 

0 1.1 9 7 8 

0 J 20 

0 5 .4 4 3 7 

1.0 0 

0 4 .4 7 1 8 

013347 

0 0 .0 0 0 0 

0 1 .2 8 2 4 

012162 

0.20 

0 5 .4 0 8 0 

0.0 0 

0 531 1 8 6 

0 131 24 6 

003323 

0 1.1 2 4 6 

0 1.05 2 9 

0.2 0 

0 5 .4 0 8 0 

0.1 0 

0 5 .0 5 0 4 

0 1 .1 4 2 2 

0 0 .3 1 5 6 

0 1.1 37 2 

0 1.0 6 6 7 

0 J 2 0 

0 5 .4 0 8 0 

032 0 

0 4 .9 8 3 0 

0 1 .1 6 0 6 

002973 

0 1.1 5 05 

0 1.08 1 1 

0.20 

0 5 .4 0 8 0 

0330 

045163 

011797 

002770 

0 1.1 6 4 6 

0 1.0 9 6 1 

0.20 

0 5 .4 0 8 0 

0.4 0 

0 4 .8 5 0 4 

0 1 .1 9 9 6 

002543 

0 131 7 9 3 

0 1.11 1 8 

0.20 

0 5 .4 0 8 0 

0.5 0 

0 4 .7 8 5 3 

012202 

002286 

0 1 .1 9 4 8 

0 1.1 2 8 1 

0.20 

0 5 .4 0 8 0 

0.6 0 

0 4 .7 2 1 0 

0 1 .2 4 1 5 

0 031 9 8 9 

0 1.21 1 1 

0 1.1 4 4 9 

0.2 0 

0 5 .4 0 8 0 

0.7 0 

0 4 .6 5 7 4 

0 1 .2 6 3 7 

0 031 6 2 8 

0 132 2 8 0 

0 1.1 6 2 3 

0.2 0 

0 5 .4 0 8 0 

0.8 0 

0 4 .5 9 4 7 

012866 

0 0 .1 1 5 0 

0 132 4 5 6 

0 1.1 8 0 2 

0.20 

0 5.4 08 0 

0.9 0 

0 4 .5 3 2 8 

0 1 .3 1 0 2 

0 0 .0 0 0 0 

012635 

0 1.1 9 8 2 

0.20 

0537 3 0 

0.0 0 

0 5 .1 1 8 6 

0 1 .1 2 4 6 

0 0 .3 1 2 4 

0 131 2 4 6 

0 1.05 3 3 

0.20 

053730 

031 0 

0 5 .0 5 0 4 

0 1 .1 4 2 2 

0 0 .2 9 4 4 

0 1.1 37 2 

0 1.06 7 1 

0.20 

05 37 3 0 

032 0 

0 4 .9 8 3 0 

0 1 .1 6 0 6 

0 0 .2 7 4 5 

0 1.1 5 05 

0 1 .0 8 1 5 

0 20 

0537 3 0 

033 0 

0 4 .9 1 6 3 

0 131 79 7 

0 0 .2 5 2 2 

0 1.1 6 4 6 

0 1 .0 9 6 6 

020 

0537 3 0 

0.4 0 

0 4 .8 5 0 4 

011996 

0 0 .2 2 6 9 

0 1.1 7 9 4 

0 1.1 1 2 4 

020 

0 5337 3 0 

0.50 

0 4 .7 8 5 3 

012202 

0 0 .1 9 7 5 

0 1.1 9 4 9 

0 1.1 2 8 7 

020 

05373 0 

0.6 0 

0 4 .7 2 1 0 

0 1 32 4 1 5 

0 0 .1 6 1 8 

0 1.21 1 1 

0 1.1 4 5 6 

020 

0537 3 0 

0.7 0 

0 4 .6 5 7 4 

0 1 .2 6 3 7 

0 0 .1 1 4 4 

012280 

0 1.1 6 3 0 

02 0 

0 5337 3 0 

0.8 0 

0 4 .5 9 4 7 

012866 

0 0 .0 0 0 0 

012453 

0 1.1 8 0 5 

0.20 

053338 5 

0.0 0 

0 5 .1 1 8 6 

0 1 .1 2 4 6 

002913 

0 1.1 2 4 6 

0 1.05 3 6 

0 20 

053385 

031 0 

0 5 .0 5 0 4 

0 131 4 2 2 

00271 b 

0 131 3 7 2 

0 1.0 6 7 5 

020 

053338 5 

032 0 

0 4 .9 8 3 0 

0 1 .1 6 0 6 

002499 

0 131 5 06 

0 1.08 2 0 

020 

053385 

030 

0 4 .9 1 6 3 

0 1 .1 7 9 7 

002249 

0 1 .1 6 4 6 

0 1.0 9 7 2 

020 

0 533 3 8 5 

0.4 0 

0 4 .8 5 0 4 

0 1 .1 9 9 6 

0 0 .1 9 5 9 

0 1.1 7 9 4 

0 1.1 1 2 9 

020 

0 53338 5 

0.5 0 

0 4 .7 8 5 3 

0 1 .2 2 0 2 

0 0 .1 6 0 b 

0 1.1 9 5 0 

0 1.1 2 9 3 

020 

053385 

0 j 6 0 

0 4 .7 2 1 0 

0 1 .2 4 1 5 

0 03 L 1 3 7 

0 1 .2 1 1 1 

0 1.1 4 6 2 

0.20 

0 533 3 8 5 

0.7 0 

0 4 .6 5 7 4 

0 1 32 6 3 7 

0 0 .0 0 0 0 

0 1 .2 2 7 7 

0 1.1 6 3 3 

0 J 2 0 

053047 

0.0 0 

0 531 1 86 

0 1 .1 2 4 6 

002687 

0 1 .1 2 4 6 

0 1.05 4 0 

0.20 

0 5.30 4 7 

031 0 

0 5 .0 5 0 4 

0 1 .1 4 2 2 

002472 

0 1 .1 3 7 2 

0 1.0 6 7 9 

0 20 

0 5330 4 7 

032 0 

0 4 .9 8 3 0 

0 1 .1 6 0 6 

0 0 .2 2 2 7 

0 1.1 5 06 

0 1 .0 8 2 5 

020 

053047 

0330 

0 4 .9 1 6 3 

0 1 .1 7 9 7 

0 0 .1 9 4 1 

0 1.1 6 4 7 

0 1 .0 9 7 7 

020 

053047 

0.4 0 

0 4 .8 5 0 4 

0 1 .1 9 9 6 

0 0 .1 5 9 3 

0 1.1 7 9 5 

0 1.1 1 3 5 

02 0 

0 53304 7 

0-5 0 

0 4 .7 8 5 3 

012202 

0 031 1 2 9 

0 1319 50 

0 13 L 29 9 

02 0 

0 53304 7 

0.6 0 

0 4 .7 2 1 0 

012415 

0 0 .0 0 0 0 

0 132 1 09 

0 13 L 4 6 5 

020 

0527 16 

0.0 0 

0 5 .1 1 8 6 

0 13 L 24 6 

00244 3 

011246 

0 1 .0 5 4 4 

020 

0 5327 1 6 

0.1 0 

0 5 .0 5 0 4 

0 1 .1 4 2 2 

002202 

0 1.1 37 3 

0 1 .0 6 8 3 

020 

05327 1 6 

032 0 

0 4 .9 8 3 0 

0 1 .1 6 0 6 

0 031 9 2 1 

0 1.1 5 06 

0 1.08 2 9 

020 

0 5327 1 6 

0330 

0 4 .9 1 6 3 

0 1 .1 7 9 7 

0 031 5 7 8 

0 131 6 4 7 

0 1.0 9 8 2 

020 

0 5 32 7 1 6 

0.4 0 

0 4 .8 5 0 4 

0 1 .1 9 9 6 

0 031 1 2 0 

0 131 7 9 5 

0 1.1 1 4 0 

020 

0 5327 1 6 

0.5 0 

0 4 .7 8 5 3 

0 1 .2 2 0 2 

0 0 .0 0 0 0 

0 131 9 4 8 

0 1.1 3 0 2 

020 

0 532 39 3 

0.0 0 

0 5 .1 1 8 6 

0 1 .1 2 4 6 

002175 

0 1.1 2 4 6 

0 1.05 4 7 

02 0 

0 532 3 9 3 

OJ . 0 

0 5 .0 5 0 4 

0 1.1 4 22 

0 0 .1 8 9 9 

0 1 .1 3 7 3 

0 1 .0 6 8 7 

02 0 

0 532 39 3 

02 0 

0 4 .9 8 3 0 

0 1 .1 6 0 6 

0 0 .1 5 6 1 

0 1 .1 5 0 7 

0 1.0 8 3 4 

020 

0 532 39 3 

0.30 

0 4 .9 1 6 3 

0 1 .1 7 9 7 

0 0 .1 1 1 0 

0 1.16 47 

0 1 .0 9 8 6 

020 

053239 3 

0.4 0 

0 4 .8 5 0 4 

0 1 .1 9 9 6 

0 0 .0 0 0 0 

0 1 .1 7 9 4 

0 1.1 1 4 4 

020 

053207 8 

0.0 0 

0 5 .1 1 8 6 

0 1 .1 2 4 6 

0 031 8 7 4 

0 1.1 2 4 6 

0 1.05 5 0 

020 

0 53207 8 

031 0 

0 5 .0 5 0 4 

0 1 .1 4 2 2 

001543 

0 1.1 37 3 

0 1.06 9 1 

02 0 

052078 

032 0 

0 4 .9 8 3 0 

0 1 .1 6 0 6 

0 031 09 8 

0 1.1 5 07 

0 1.08 3 8 

020 

053207 8 

030 

045163 

0 1 .1 7 9 7 

0 0 .0 0 0 0 

0 1 .1 6 4 6 

0 1.0 9 9 0 

020 

0 5 J . 7 7 1 

0.0 0 

0 5 .1 1 8 6 

0 1.1 24 6 

0 0 .1 5 2 2 

0 1.12 4 6 

0 1 .0 5 5 4 

020 

0 5 3 L 7 7 1 

0.1 0 

0 5 .0 5 0 4 

0 1 .1 4 2 2 

0 031 08 5 

0 13 L 37 3 

0 1.06 9 5 

020 

051771 

0320 

0 4 .9 8 3 0 

0 1 .1 6 0 6 

0 0 .0 0 0 0 

0 1.1 5 0 6 

0 1.0 8 4 1 

020 

05147 4 

0.0 0 

0 531 1 8 6 

0 131 24 6 

0 031 07 0 

0 1.1 2 4 6 

0 1.05 5 7 

020 

0 53 L 47 4 

031 0 

0 5 .0 5 0 4 

0 1 .1 4 2 2 

0 0 .0 0 0 0 

0 131 37 3 

0 1.06 9 8 

0 20 

051186 

0.0 0 

0 531 1 8 6 

0 1 .1 2 4 6 ^ 

ft 

0 0 .0 0 0 0 

0 1.1 2 4 6 

0 1.05 6 0 
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TABLE I.- FUNCTIONS FOR CALCULATING THE FLOW ABOUT FLAT -TOP 
CONFIGURATIONS - Continued 



8c 

a 

6c 

W 0 

©. 

W*/ 2 

/d> c \ 

w x/2 

Wx 

0 30 

03S42 7 

0.0 0 

0 3 .5 0 8 7 

0 1 .2 3 9 0 

0 0 .4 8 4 7 

0 12 3 9 1 

0 1.1 1 1 2 

0 3 0 

0 3 .9 4 2 7 

OJ. 0 

0 3 .4 4 6 4 

015735 

0 0 .4 6 1 7 

0 1.2 6 27 

0 1.1 4 1 7 

0 3 0 

0 3S 4 2 7 

02 0 

03J853 

0 13097 

00.4 36 8 

012878 

011735 

0 3 0 

035427 

03 0 

0 3 .3 2 5 5 

0 1 J 4 7 6 

0 0 .4 0 9 8 

0 1 J 1 4 6 

0 ID 0 6 5 

0 30 

035427 

0.4 0 

035670 

0 1 .3 8 7 1 

0 0 J 8 0 2 

0 1J4 29 

0 ID 4 0 7 

0 3 0 

035427 

0.5 0 

035099 

0 1 .4 2 8 4 

0 0 .3 4 7 7 

0 1.3 7 2 8 

0 1D7 6 1 

0 3 0 

035427 

0 j6 0 

0 3.15 4 1 

0 1 .4 7 1 4 

0 0 J 1 1 2 

0 1 .4 0 4 3 

0 1 J 1 2 5 

0 3 0 

0 3 .9 4 2 7 

0.7 0 

0 3.09 9 7 

0 1 J 16 2 

005694 

0 1.4 37 3 

0 1 J 4 9 9 

0 3 0 

035427 

0.8 0 

0 3 .0 4 6 6 

0 1 J 6 2 8 

005194 

0 1.4 7 1 9 

0 1.3 8 8 2 

o JO 

03542 7 

0-9 0 

025950 

0 1 .6 1 1 2 

0 OJL 5 3 9 

0 1 J 0 7 8 

0 1.4 2 7 2 

030 

035427 

IDO 

025447 

0 1 .6 6 1 5 

0 0 .0 0 0 0 

0 1.5 4 3 8 

0 1.4 6 5 5 

0 3 0 

0 3.8 9 7 1 

0.0 0 

035087 

0 ID 3 9 0 

0 0 .4 6 0 8 

0 12 3 9 0 

0 1.1 1 2 7 

03 0 

0 3 .8 9 7 1 

0.1 0 

0 3 .4 4 6 4 

015735 

0 0 .4 3 6 2 

0 1.2 6 27 

0 1.1 4 3 3 

03 0 

0 3.89 7 1 

02 0 

03J853 

0 1 .3 0 9 7 

0 0 .4 0 9 5 

0 1.2 8 7 9 

0 1.1 7 5 2 

03 0 

0 3.89 7 1 

030 

03J255 

0 1 .3 4 7 6 

00 J802 

0 1.31 47 

0 1.20 8 4 

03 0 

0 3-89 7 1 

0.4 0 

035670 

01 J871 

0 0 J 4 7 8 

0 1.34 3 0 

0 ID 4 2 8 

0 3 0 

0 3 .8 9 7 1 

05 0 

035099 

0 1 .4 2 8 4 

0 0 J 1 1 5 

0 1.37 3 0 

0 1 .2 7 8 2 

0 3 0 

0 3 .8 9 7 1 

05 0 

0 3 .1 5 4 1 

0 1 .4 7 1 4 

005699 

0 1.4 0 4 4 

0 1.314 7 

0 3 0 

0 3 .8 9 7 1 

0.7 0 

0 3.09 9 7 

0 1 .5 1 6 2 

005199 

0 1.4 37 4 

0 1.35 2 1 

0 3 0 

0 3.89 7 1 

0.8 0 

0 3 .0 4 6 6 

0 1 J 6 2 8 

001544 

0 1.4 7 1 7 

0 1.3 9 0 3 

03 0 

0 3.89 7 1 

0.9 0 

0 2 .9 9 5 0 

0 1 .6 1 1 2 

0 0 .0 0 0 0 

0 1.5 0 6 4 

0 1.4 2 8 0 

0 3 0 

0 3 .8 5 1 9 

0.0 0 

0 3 .5 0 8 7 

015390 

0 0 .4 3 5 3 

0 1.2 39 0 

0 1.114 2 

0 3 0 

0 3 .8 5 1 9 

0.1 0 

0 3 .4 4 6 4 

0 1 .2 7 3 5 

0 0 .4 0 8 9 

0 1 .2 6 2 7 

0 1.1 4 5 0 

03 0 

0 3 .8 5 1 9 

050 

0 3 .3 8 5 3 

0 1 J 0 9 7 

0 0 .3 7 9 9 

0 ID 8 7 9 

0 1.1 7 7 0 

0 3 0 

0 3.8 5 1 9 

030 

0 3 .3 2 5 5 

0 1 J 4 7 6 

00 J 47 8 

0 1.3 1 4 8 

0 ID 1 0 3 

0 3 0 

0 3 .8 5 1 9 

0.4 0 

035670 

0 1 J 8 7 1 

0 0 .3 1 1 7 

0 1 .3 4 3 1 

0 1 D 4 4 8 

0 3 0 

035519 

05 0 

035099 

0 1 .4 2 8 4 

005701 

0 1.37 3 1 

0 1 .2 8 0 3 

0 3 0 

035519 

05 0 

031541 

0 1 .4 7 1 4 

005203 

0 1 .4 0 4 5 

0 1.3 1 6 8 

0 3 0 

035519 

0.7 0 

0 3 .0 9 9 7 

0 1 J 1 6 2 

001549 

0 1.4 37 3 

0 1.3 5 4 2 

03 0 

035519 

0.8 0 

0 3 .0 4 6 6 

0 1 J 6 2 8 

0 0 .0 0 0 0 

0 1 .4 7 0 6 

0 1.3 9 1 3 

03 0 

035071 

0.0 0 

035087 

015390 

0 0 .4 0 7 9 

0 ID 3 9 0 

0 1.1 1 5 7 

03 0 

035071 

OJL 0 

0 3 .4 4 6 4 

015735 

0 0 J 7 9 3 

0 1.2 6 27 

0 1.1 4 6 6 

03 0 

035071 

050 

0 3 .3 8 5 3 

0 1 .3 0 9 7 

0 0 J 4 7 4 

0 ID 8 8 0 

0 1.1 7 8 8 

0 3 0 

035071 

0550 

0 3 .3 2 5 5 

0 1 .3 4 7 6 

0 0 J 1 1 6 

0 1.3 1 49 

0 ID 1 2 2 

0 3 0 

035071 

0.4 0 

0 3.26 7 0 

01 J871 

0 02 7 02 

0 1.3 4 3 2 

0 1.2 4 6 7 

03 0 

035071 

050 

035099 

0 1 .4 2 8 4 

0 0 .2 2 0 6 

0 1J7 3 1 

0 ID 8 2 3 

0 3 0 

0 3 .8 0 7 1 

0 j6 0 

0 3 .1 5 4 1 

0 1 .4 7 1 4 

001552 

0 1 .4 0 4 4 

0 1.3 1 8 8 

030 

0 3.80 7 1 

0.7 0 

0 3.0 99 7 

015162 

0 0 .0 0 0 0 

0 1.4 36 3 

0 1.35 5 2 

03 0 

0 3 .7 6 2 7 

0.0 0 

035087 

015390 

0 0 J 78 2 

0 1.2 39 0 

0 1.1 1 7 2 

030 

0 3.7 62 7 

0.1 0 

0 3 .4 4 6 4 

01.2735 

0 0 .3 4 6 7 

0 1.2 6 28 

0 1.1 4 8 2 

03 0 

0 3 .7 6 2 7 

02 0 

03J853 

0 1 .3 0 9 7 

0 0 .3 1 1 2 

0 1.2 8 8 1 

0 1.1 8 0 5 

03 0 

0 3.76 2 7 

030 

0 3 .3 2 5 5 

01 J476 

0 OD 7 01 

0 1.3 1 49 

0 1.2 1 4 1 

03 0 

0 3 .7 6 2 7 

0.4 0 

035670 

0 1 J 8 7 1 

005207 

0 1 .3 4 3 3 

0 1.2 4 8 7 

030 

0 3.7 62 7 

05 0 

035099 

0 1 .4 2 8 4 

001555 

0 1.37 3 1 

0 1 .2 8 4 2 

030 

0 3.7 62 7 

050 

0 3JL541 

0 1 .4 7 1 4 

0 0 .0 0 0 0 

0 1.4 0 37 

0 1.319 9 

03 0 

0 3 .7 1 8 8 

0.0 0 

0 3 .5 0 8 7 

015390 

0 0 .3 4 5 7 

0 1.2 39 0 

0 1.1 1 8 7 

03 0 

0 3 .7 1 8 8 

OJ. 0 

0 3 .4 4 6 4 

015735 

00 J 1 05 

0 ID 6 2 8 

0 1.1 4 9 9 

030 

0 3 .7 1 8 8 

05 0 

0 3 J853 

0 1 .3 0 9 7 

005698 

0 1.2 8 8 1 

0 1.1 8 2 3 

03 0 

0 3 .7 1 8 8 

030 

0 3 .3 2 5 5 

0 1 .3 4 7 6 

005206 

0 1.31 50 

0 1 .2 1 5 9 

0 3 0 

0 3 .7 1 8 8 

0.4 0 

0 3 26 7 0 

0 1 .3 8 7 1 

0 0 .1 5 5 7 

0 1.34 3 3 

0 1 .2 5 0 5 

030 

0 3.718 8 

050 

035099 

0 1 .4 2 8 4 

0 0 .0 0 0 0 

0 1 .3 7 2 5 

0 ID 8 5 4 

03 0 

035754 

0.0 0 

0 3 .5 0 8 7 

0 1 .2 3 9 0 

0 0 .3 0 9 4 

0 1.2 39 0 

0 1 .1 2 0 2 

03 0 

035754 

OJLO 

0 3 .4 4 6 4 

015735 

0 0 .2 6 9 1 

0 ID 6 2 8 

0 1.1 5 1 5 

030 

0357 5 4 

0.20 

0 3 .3 8 5 3 

0 1 J 0 9 7 

005203 

0 1 .2 8 8 2 

0 1.18 4 0 

030 

03575 4 

0 JO 

03J255 

01 J476 

001557 

0 1.3 1 50 

0 1.217 6 

030 

035754 

0.4 0 

035670 

0 1 J 8 7 1 

0 0 .0 0 0 0 

0 1.3 4 2 9 

0 1 .2 5 1 7 

03 0 

035326 

0.0 0 

035087 

015390 

005681 

0 1.2 39 0 

0 1.1 2 1 7 

03 0 

035326 

OJ. 0 

0 3 .4 4 6 4 

0 12 7 3 5 

005198 

0 1.26 2 8 

0 1.1 5 3 1 

0 3 0 

035326 

OD 0 

0 3 J 8 b 3 

0 1 .3 0 9 7 

0 0 .1 5 5 6 

0 1 .2 8 8 2 

0 1 .1 8 5 6 

030 

035326 

0 JO 

03J255 

01 J476 

0 0 .0 0 0 0 

0 1.31 47 

0 1.21 8 9 

03 0 

035905 

0.0 0 

0 3 J 0 8 7 

015390 

005189 

0 1.2 3 9 0 

0 1.1 2 3 1 

030 

035905 

OJ. 0 

0 3 .4 4 6 4 

01 .2735 

0 0 J 5 5 2 

0 1 D 6 2 9 

0 1.1 5 4 6 

030 

035905 

050 

0 3 .3 8 5 3 

0 1 J 09 7 

0 0 .0 0 0 0 

0 1 .2 8 8 0 

0 1.1 8 7 0 

03 0 

035492 

0.0 0 

0 3 J 0 8 7 

0 ID 3 9 0 

0 0 .1 5 4 7 

0 ID 39 0 

0 1.124 6 

030 

035492 

0J.0 

0 3 .4 4 6 4 

01 .2735 

0 0 .0 0 0 0 

0 1D6 28 

0 1.15 6 0 

030 

035087 

050 

0 3 JO 8 7 

015390 

0 0 .0 0 0 0 

0 1.2 3 9 0 

0 1.1 2 6 0 
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FUNCTIONS FOR CALCULATING THE FLOW ABOUT FLAT -TOP 
CONFIGURATIONS - Continued 


MooBc 

X 

8c 

a 

6c 

AjsN 

W Q 

(So 

w*. 

VpoJ 

V y X/2 


O^O 

03.226 9 

ODO 

0 2 .7 2 9 5 

0 1D78 3 

0 OD 8 4 0 

0 1D7 8 8 

0 1.1 8 6 2 

0.4 0 

0 3.2 26 9 

OJ. 0 

0 2D 7 2 9 

0 1 .4 3 3 6 

0 OD 5 4 6 

0 1 .4 1 4 1 

0 ID 3 8 1 

0.4 0 

0 3D 2 6 9 

0.2 0 

0 2D 1 8 1 

0 1 .4 9 2 1 

0 0 D 2 3 1 

0 1.4 5 2 2 

0 ID 9 2 0 

0.4 0 

03.226 9 

030 

0 2D 6 5 2 

0 ID 5 3 6 

0 0 .4 8 9 3 

0 1.4 9 3 1 

01D477 

0.4 0 

032269 

0.4 0 

0 2D 1 4 1 

01D 18 3 

0 0 .4 5 2 7 

0 1.5 3 68 

0 1.4 0 5 2 

0.4 0 

032269 

0.5 0 

0 2 .4 6 4 9 

0 1 .6 8 6 3 

0 0 .4 1 2 8 

0 ID 8 3 4 

0 1 .4 6 4 3 

0.4 0 

0 3 .2 2 6 9 

0.6 0 

0 2 .4 1 7 6 

0 1 .7 5 7 6 

0 OD 6 8 4 

0 1 .6 3 2 8 

0 1.5 2 5 0 

0.4 0 

032269 

0.7 0 

0 2D7 2 1 

0 1 .8 3 2 3 

0 OD 1 8 0 

0 1.6 8 5 0 

0 ID 8 7 1 

0 .4 0 

03.226 9 

02 0 

0 2D2 8 5 

0 1 .9 1 0 4 

OOD 58 0 

0 1.7 3 9 9 

0 1.6 5 0 6 

0 .4 0 

03.226 9 

0.90 

0 2D 8 6 7 

0 1 .9 9 2 1 

0 0 .1 7 9 9 

0 1.79 7 3 

0 1 .7 1 4 9 

0.4 0 

03.226 9 

IDO 

0 2D 4 6 7 

0 2 .0 7 7 4 

0 0 .0 0 0 0 

0 1.8 5 4 4 

0 1.7 7 7 1 

0.4 0 

031754 

0.0 0 

0 2 .7 2 9 5 

0 1 D 7 8 3 

0 0 .5 5 6 7 

0 1.3 7 8 7 

0 1.1 9 0 1 

0.4 0 

031754 

OJ. 0 

0 2D 7 2 9 

0 1 .4 3 3 6 

0 OD 25 4 

0 1.4 1 4 0 

0 ID 4 2 1 

0.4 0 

031754 

0 D 0 

0 2D 1 8 1 

0 1 .4 9 2 1 

0 0 .4 9 1 6 

0 1 .4 5 2 2 

0 ID 9 6 1 

0.4 0 

031754 

030 

0 2D652 

015536 

0 0 .4 5 5 1 

0 1.49 3 1 

0 1.3 5 1 9 

0.4 0 

031754 

0.4 0 

0 2D 1 4 1 

0 1 .6 1 8 3 

0 0 .4 1 5 1 

0 1.5 3 69 

0 1 .4 0 9 4 

0.4 0 

031754 

0.50 

0 2 .4 6 4 9 

0 1 .6 8 6 3 

0 OD 7 06 

0 1.5 8 3 4 

0 1 .4 6 8 6 

0.4 0 

031754 

02 0 

0 2 .4 1 7 6 

0 1 .7 5 7 6 

0 OD 2 0 0 

0 1.6 3 27 

0 1.5 2 9 3 

0.4 0 

031754 

0.7 0 

0 2D7 2 1 

0 1 .8 3 2 3 

0 OD 5 9 8 

0 1.6 8 4 8 

0 1.5 9 1 3 

0.4 0 

031754 

02 0 

0 2 D 2 8 5 

015104 

001814 

0 1 .7 3 9 2 

0 1.6 5 4 3 

0.4 0 

031754 

0.9 0 

0 2D86 7 

0 1 .9 9 2 1 

0 0 .0 0 0 0 

0 1.7 9 3 7 

0 1.7 1 5 5 

0.4 0 

031242 

0.0 0 

0 2 .7 2 9 5 

0 1 .3 7 8 3 

0 OD 2 7 3 

0 1.37 8 6 

0 1.1 9 3 9 

0.4 0 

031242 

OJ. 0 

0 2D 7 2 9 

0 1 .4 3 3 6 

0 0 .4 9 3 8 

0 1 .4 1 4 0 

0 ID 4 6 0 

0.4 0 

031242 

0.20 

0 2D 18 1 

0 1 .4 9 2 1 

0 0 .4 5 7 3 

0 1 .4 5 2 2 

0 1.300 1 

0.4 0 

0 3JL 2 4 2 

033 0 

0 2D 6 5 2 

0 1 D 5 3 6 

0 0 .4 1 7 3 

0 1 .4 9 3 2 

0 1 .3 5 6 0 

0.4 0 

031242 

0.4 0 

0 2D 1 4 1 

0 1 .6 1 8 3 

0 0 .3 7 2 8 

0 1.5 3 69 

0 1 .4 1 3 6 

0.4 0 

03JL24 2 

0.5 0 

0 2 .4 6 4 9 

0 1 .6 8 6 3 

0 OD 2 2 0 

0 1.58 3 4 

0 1.4 7 2 8 

0.4 0 

031242 

02 0 

0 2 .4 1 7 6 

0 1 .7 5 7 6 

0 OD 61 7 

0 1.6 3 26 

0 ID 3 34 

0.4 0 

031242 

0.7 0 

0 2D7 2 1 

0 1 .8 3 2 3 

001829 

0 1.6 8 4 2 

0 1.5 9 5 0 

0.4 0 

03124 2 

ODO 

0 2 D 2 8 5 

0 1 .9 1 0 4 

0 0 .0 0 0 0 

0 1.7 3 62 

0 1.6 5 5 3 

0.4 0 

03273 2 

0.0 0 

0 2 .7 2 9 5 

0 1 .3 7 8 3 

0 0 .4 9 5 6 

0 1.37 8 5 

0 1.197 7 

0.4 0 

03273 2 

OJL 0 

0 2 .6 7 2 9 

0 1 .4 3 3 6 

0 0 .4 5 9 2 

0 1 .4 1 4 0 

0 1.24 9 9 

0.4 0 

03273 2 

OD 0 

0 2 .6 1 8 1 

0 1 .4 9 2 1 

0 0 .4 1 9 3 

0 1 .4 5 2 2 

0 1.3 04 1 

0.4 0 

0 3.07 3 2 

030 

0 2D 6 5 2 

0 1 D 5 3 6 

0 OD 7 4 8 

0 1 .4 9 3 2 

0 1.3 6 0 1 

0.4 0 

0 3.07 3 2 

0.4 0 

0 2 D 1 4 1 

0 1 .6 1 8 3 

0 0 D 2 3 9 

0 1.5 3 69 

0 1 .4 1 7 7 

0.4 0 

032732 

ODO 

0 2 .4 6 4 9 

0 1 .6 8 6 3 

0 OD 6 3 4 

0 1 .5 8 3 4 

0 1 .4 7 6 8 

0.4 0 

0 3.07 3 2 

02 0 

0 2 .4 1 7 6 

0 1 .7 5 7 6 

0 0 .1 8 4 4 

0 1.6 32 2 

0 ID 3 7 1 

0.4 0 

0 3j07 3 2 

0.7 0 

0 2D7 2 1 

0 1 .8 3 2 3 

0 0 .0 0 0 0 

0 1.6 8 1 8 

0 1.5 9 6 4 

0.4 0 

0 3D 2 2 7 

ODO 

0 2 .7 2 9 5 

0 1 .3 7 8 3 

0 0 .4 6 0 9 

0 1.37 8 5 

0 1 .2 0 1 5 

0.4 0 

0 3 .0 2 2 7 

OJL 0 

0 2D7 29 

0 1 .4 3 3 6 

0 0.4 211 

0 1.4 1 4 0 

0 1D5 3 9 

0.4 0 

032227 

OD 0 

0 2 .6 1 8 1 

0 1 .4 9 2 1 

0 OD 7 6 6 

0 1.4 5 2 3 

0 1.3 08 1 

OA 0 

032227 

03 0 

0 2D 6 5 2 

0 ID 5 3 6 

0 OD 2 5 8 

0 1.4 9 3 3 

0 ID 6 4 2 

0.4 0 

0 3D 2 2 7 

0.4 0 

0 2D 1 4 1 

0 1 .6 1 8 3 

0 OD 6 5 1 

0 1.5 3 6 9 

0 1.4 2 1 7 

0.4 0 

0 3 .0 2 2 7 

ODO 

0 2 .4 6 4 9 

0 1 .6 8 6 3 

001858 

0 1.5 8 3 1 

0 1.4 8 0 6 

0.4 0 

0 3 D 2 2 7 

02 0 

0 2 .4 1 7 6 

0 1 .7 5 7 6 

0 0 .0 0 0 0 

0 1.6 3 03 

0 1.5 3 8 8 

0.4 0 

022725 

0.0 0 

0 2 .7 2 9 5 

0 1 D 7 8 3 

0 0 .4 2 2 5 

0 1 .3 7 8 4 

0 1 .2 0 5 3 

0/4 0 

0 2 .9 7 2 5 

OJL 0 

0 2 .6 7 2 9 

0 1 .4 3 3 6 

0 0 .3 7 8 2 

0 1 .4 1 4 0 

0 1 .2 5 7 8 

0.4 0 

0 2 .9 7 2 5 

020 

0 2D 1 8 1 

0 1 .4 9 2 1 

0 0 .3 2 7 4 

0 1 .4 5 2 3 

0 1.3 1 2 1 

0.4 0 

022725 

033 0 

0 2 .5 6 5 2 

0 1 D 5 3 6 

0 OD 6 6 7 

0 1.4 9 3 3 

0 1 .3 6 8 1 

0.4 0 

0 2 .9 7 2 5 

0.4 0 

0 2 .5 1 4 1 

0 1 .6 1 8 3 

0 0 .1 8 7 2 

0 1.5 3 68 

0 1.4 2 5 5 

0.4 0 

022725 

ODO 

0 2 .4 6 4 9 

0 1 .6 8 6 3 

0 0 .0 0 0 0 

0 1.5 8 1 6 

0 1.4 8 2 7 

0.4 0 

02.922 7 

0.0 0 

0 2 .7 2 9 5 

0 1 .3 7 8 3 

0 0 .3 7 9 5 

0 1.37 8 3 

0 IDO 9 1 

0.4 0 

022227 

01 0 

0 2D 7 2 9 

0 1 .4 3 3 6 

0 0 .3 2 8 8 

0 1 .4 1 4 0 

0 1D6 1 6 

0.4 0 

022227 

ODO 

0 2 .6 1 8 1 

0 1 .4 9 2 1 

0 0 D 6 8 1 

0 1 .4 5 2 3 

0 1.3 1 6 0 

0.4 0 

022227 

ODO 

0 2D6 52 

0 ID 5 3 6 

001886 

0 1.49 3 2 

0 1.3 7 1 9 

0.4 0 

0 2 .9 2 2 7 

0.4 0 

0 2D 1 4 1 

0 1 .6 1 8 3 

0 0 .0 0 0 0 

0 1.5 3 5 7 

0 1.4 2 7 9 

0.4 0 

02.87 3 4 

0.0 0 

1 8 .3 0 3 6 

1 1 .8 9 0 4 

0 0 .3 2 9 9 

0 1.37 8 3 

0 1.2 1 2 9 

0.4 0 

0 2 .8 7 3 4 

OJ. 0 

0 2 .6 7 2 9 

0 1 .4 3 3 6 

0 OD 69 3 

0 1 .4 1 4 0 

0 1 .2 6 5 5 

0.4 0 

0 2 .8 7 3 4 

0 2 0 

0 2 .6 1 8 1 

0 1 .4 9 2 1 

0 0 .1 8 9 8 

0 1 .4 5 2 3 

0 1.31 9 7 

0.4 0 

02.87 3 4 

ODO 

0 2 D 6 5 2 

0 1 D 5 3 6 

0 0 .0 0 0 0 

0 1 .4 9 2 5 

0 1.37 4 6 

0.4 0 

0222 4 7 

0.0 0 

0 2 .7 2 9 5 

0 1 .3 7 8 3 

0 0 .2 7 0 2 

0 1 .3 7 8 3 

0 ID 1 6 6 

0.4 0 

022247 

01 0 

0 2 .6 7 2 9 

0 1 .4 3 3 6 

001908 

0 1 .4 1 4 0 

0 1 .2 6 9 2 

0.4 0 

022247 

02 0 

0 2 .6 1 8 1 

0 1 .4 9 2 1 

0 0 .0 0 0 0 

0 1 .4 5 1 8 

0 1 .3 2 2 8 

0.4 0 

0 2 .7 7 6 7 

0.0 0 

0 2 .7 2 9 5 

0 1 .3 7 8 3 

0 0 .1 9 1 6 

0 1 .3 7 8 3 

0 ID 2 0 3 

OAO 

0 2 .7 7 6 7 

03L 0 

0 2 .6 7 2 9 

0 1 .4 3 3 6 

0 0 .0 0 0 0 

0 1 .4 1 3 8 

0 1.27 2 5 

0.4 0 

0 2 .7 2 9 5 

ODO 

0 2 .7 2 9 5 

01D783 

0 0 .0 0 0 0 

0 1.37 8 3 

0 1D24 0 
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TABLE I.- FUNCTIONS FOR CALCULATING THE FLOW ABOUT FLAT -TOP 

CONFIGURATIONS - Continued 


MooBc 

Tv 

8 C 

a 

8 c 

A ’ s'N 

w . 

vw 

( Y ) 

V '«/2 

(© 
v JC/ 2 

(4 

0.50 

0 2 .8 1 6 6 

0.0 0 

022804 

015412 

005607 

015432 

0 12 7 5 8 

050 

025166 

OJ . 0 

022294 

015217 

005257 

0 1.59 0 5 

0 1.35 3 6 

050 

025166 

0.2 0 

021808 

0 1 .7 0 7 3 

0 0 .5 8 8 6 

015424 

0 1.4 3 3 9 

050 

0 2 .8 1 6 6 

0.3 0 

021345 

0 1 .7 9 8 1 

0 0 .5 4 9 3 

015988 

0 1.5 1 65 

05 0 

025166 

0.4 0 

0 2 .0 9 0 6 

0 1 .8 9 4 2 

0 0 .5 0 7 1 

0 1.7 5 9 8 

0 1.6 0 1 4 

0.5 0 

025166 

05 0 

0 2 .0 4 8 9 

0 1 .9 9 5 8 

0 0 .4 6 1 4 

0 1 .8 2 5 4 

0 1.6 8 8 6 

0^0 

025166 

05 0 

0 2 .0 0 9 5 

0 2 .1 0 2 9 

0 0 .4 1 0 9 

0 1.8 9 5 6 

0 1 .7 7 8 0 

050 

025166 

0.7 0 

012722 

02.2158 

0 0 .3 5 3 8 

0 1.9 7 06 

0 1.8 6 9 4 

05 0 

025166 

0.8 0 

012371 

0 2 .3 3 4 6 

0 0 J 2 8 6 3 

0 2 .0 5 0 0 

0 1 .9 6 2 6 

050 

025166 

0.9 0 

012040 

0 2 .4 5 9 2 

001987 

0 2.1 3 3 5 

0 2 .0 5 7 0 

0-5 0 

025166 

1 .0 0 

015728 

025900 

0 0 .0 0 0 0 

022161 

0 2 .1 4 7 2 

0.5 0 

0 2 .7 6 0 5 

0.0 0 

022804 

015412 

005305 

0 1.5 4 2 8 

0 1.2 8 3 5 

050 

0 2 .7 6 0 5 

0.1 0 

022294 

0 1 .6 2 1 7 

005933 

0 1.5 9 0 2 

0 1.36 1 1 

05 0 

0 2 .7 6 0 5 

02 . 0 

0 2 .1 8 0 8 

0 1 .7 0 7 3 

0 0.5 5 3 8 

0 1.6 4 2 1 

0 1.4 4 1 2 

050 

0 2 .7 6 0 5 

030 

021345 

0 1 .7 9 8 1 

005114 

0 1.69 8 5 

0 1.5 2 3 7 

0.5 0 

0 2 .7 6 0 5 

0.4 0 

0 2 .0 9 0 6 

0 1 .8 9 4 2 

0 0 .4 6 5 4 

0 1.7 5 9 4 

0 1.6 0 8 4 

050 

0 2 .7 6 0 5 

0.5 0 

0 2 .0 4 8 9 

0 1 .9 9 5 8 

0 0 .4 14 6 

0 1.8 2 49 

0 1.6 9 5 3 

05 0 

0 2 .7 6 0 5 

05 0 

0 2 .0 0 9 5 

0 2.1 0 2 9 

003571 

0 1 .8 9 4 9 

0 1 .7 8 4 4 

05 0 

0 2 .7 6 0 5 

0.7 0 

0 1 .9 7 2 2 

022158 

002892 

0 1.9 6 9 4 

0 1.8 7 5 3 

0.5 0 

0 2 .7 6 0 5 

0.8 0 

0 1 .9 3 7 1 

0 2 .3 3 4 6 

002010 

0 2.0 4 8 0 

0 1.9 6 7 5 

0.5 0 

0 2 .7 6 0 5 

0.9 0 

019040 

0 2 .4 5 9 2 

0 0 .0 0 0 0 

0 2 .1 2 6 2 

0 2.0 5 6 0 

050 

02.7049 

020 

022804 

0 1 .5 4 1 2 

00.5 97 9 

0 1.5 4 2 5 

0 1.2912 

05 0 

0 2 .7 0 4 9 

01 0 

022294 

015217 

0 0 .5 5 8 2 

015899 

0 1 .3 6 8 6 

050 

0 2 .7 0 4 9 

0.20 

021808 

0 1 .7 0 7 3 

0 0.5 156 

0 1.6 4 1 8 

0 1.4 4 8 5 

05 0 

0 2 .7 0 4 9 

030 

021345 

0 1 .7 9 8 1 

0 0 .4 6 9 3 

0 1.6 9 8 2 

0 1.5 3 0 8 

0.5 0 

0 2 .7 0 4 9 

0.4 0 

0 2 .0 9 0 6 

0 1 .8 9 4 2 

0 0 .4 1 8 3 

0 1.7 5 9 1 

0 1.6 1 5 3 

050 

0 2 .7 0 4 9 

050 

0 2 .0 4 8 9 

0 1 .9 9 5 8 

003604 

0 1.8 2 4 4 

0 1.7 0 1 9 

050 

0 2 .7 0 4 9 

05 0 

0 2 .0 0 9 5 

0 2 .1 0 2 9 

002920 

0 1.8 9 4 2 

0 1 .7 9 0 4 

05 0 

0 2 .7 0 4 9 

0.7 0 

012722 

0 2 .2 1 5 8 

002032 

0 1.9 6 7 9 

0 1 .8 8 0 4 

050 

0 2 .7 0 4 9 

0.8 0 

012371 

0 2 .3 3 4 6 

0 0 .0 0 0 0 

0 2 .0 4 1 9 

0 1.9 6 7 3 

0.5 0 

025497 

0.0 0 

0 2.28 0 4 

015412 

0 0 .5 6 2 5 

0 1.54 2 2 

0 1.2 9 8 8 

050 

025497 

0.1 0 

022294 

015217 

0 0 .5 1 9 7 

0 1.58 9 7 

0 1.3 7 6 0 

0 5 0 

025497 

02 0 

021808 

0 1 .7 0 7 3 

0 0 .4 7 3 3 

0 1.6 4 l 6 

0 1.4 5 5 7 

050 

025497 

030 

0 2 .1 3 4 5 

0 1 .7 9 8 1 

0 0 .4 2 1 9 

0 1 .6 9 8 0 

0 1.5 37 7 

050 

025497 

0.4 0 

0 2 .0 9 0 6 

0 1 .8 9 4 2 

0 0.3 63 8 

0 1 .7 5 8 8 

0 1.6 2 1 9 

0.5 0 

025497 

05 0 

0 2 .0 4 8 9 

0 1 .9 9 5 8 

002949 

0 1.8 2 3 9 

0 1 .7 0 8 1 

050 

025497 

05 0 

0 2 .0 0 9 5 

021029 

002056 

0 1.89 3 0 

0 1 .7 9 5 8 

050 

025497 

0.7 0 

012722 

0 2.2 15 8 

0 0 .0 0 0 0 

0 1.9 6 3 0 

0 1.88 1 1 

05 0 

025950 

0 X »0 

0 2.28 0 4 

015412 

005237 

015419 

0 1.3 0 6 3 

05 0 

025950 

OJ . 0 

022294 

015217 

0 0 .4 7 7 1 

0 1.58 9 5 

0 1.38 3 3 

0.5 0 

025950 

0.20 

0 2 Jl 8 0 8 

0 1 .7 0 7 3 

0 0 .4 2 5 5 

0 1.6 4 1 5 

0 1.4 6 2 8 

05 0 

025950 

030 

021345 

0 1 .7 9 8 1 

003670 

015978 

0 1.5 4 4 5 

05 0 

025950 

0.4 0 

0 2 .0 9 0 6 

0 1 .8 9 4 2 

00.2 97 8 

0 1.7 5 8 4 

0 1.6 2 8 3 

05 0 

025950 

050 

0 2 .0 4 8 9 

0 1 .9 9 5 8 

0 0 2 0 7 9 

0 1.8 2 3 1 

0 1.7 1 3 8 

050 

025950 

05 0 

0 2 .0 0 9 5 

0 2 .1 0 2 9 

0 0 .0 0 0 0 

0 1.88 9 1 

0 1.7 9 7 5 

0 5 0 

025408 

0.0 0 

022804 

015412 

0 0 .4 8 0 6 

0 1.5 4 1 7 

0 13 138 

050 

025408 

OJ . 0 

02229 A 

0 1 .6 2 1 7 

0 0.4 28 9 

0 1.58 9 3 

0 1.39 0 6 

050 

025408 

0.20 

021808 

0 1 .7 0 7 3 

003702 

0 1.6 4 1 3 

0 1.4 6 9 8 

050 

025408 

030 

0 2 .1 3 4 5 

0 1 .7 9 8 1 

003007 

0 1.6 9 7 6 

0 1.5 5 1 1 

0 5 0 

025408 

0.4 0 

0 2 .0 9 0 6 

0 1 .8 9 4 2 

0 0 2 1 02 

0 1.7 5 7 9 

0 1.6 3 4 3 

050 

025408 

050 

0 2 .0 4 8 9 

0 1 .9 9 5 8 

0 0 .0 0 0 0 

0 1 .8 2 0 1 

0 1.7 1 6 3 

050 

02.4 87 2 

0.0 0 

0 2 J 28 0 4 

015412 

0 0 .4 3 2 1 

0 1.5 4 1 5 

0 1.32 1 3 

05 0 

0 2 .4 8 7 2 

OJ . 0 

0 2 J 2 2 9 4 

015217 

0 0 .3 7 3 2 

0 1.5 8 9 2 

0 1.39 7 7 

050 

0 2 .4 8 7 2 

02 0 

021808 

0 1 .7 0 7 3 

003034 

015412 

0 1.4 7 6 6 

05 0 

0 2 .4 8 7 2 

030 

021345 

0 1 .7 9 8 1 

0 0 2 1 2 6 

0 1.69 7 3 

0 1.5 5 7 3 

05 0 

0 2 .4 8 7 2 

0.4 0 

0 2 .0 9 0 6 

0 1 .8 9 4 2 

0 0 .0 0 0 0 

0 1.7 5 5 7 

0 1.6 37 6 

05 0 

0 2 .4 3 4 2 

0.0 0 

022804 

0 1 .5 4 1 2 

003760 

0 1.5 4 1 3 

0 1.3 28 6 

05 0 

0 2 .4 3 4 2 

OJ . 0 

0 2 .2 2 9 4 

015217 

003060 

0 1.58 9 1 

0 1.4 0 4 8 

05 0 

0 2 .4 3 4 2 

0.2 0 

021808 

0 1 .7 0 7 3 

002148 

0 1.6 4 1 0 

0 1.4 8 3 1 

050 

0 2 .4 3 4 2 

03 0 

021345 

0 1 .7 9 8 1 

0 0.00 0 0 

0 1.6 9 5 7 

0 1.5 6 1 6 

05 0 

02382 0 

0.0 0 

022804 

0 1 .5 4 1 2 

0 0 .3 0 8 3 

0 1.54 1 2 

0 1.33 5 9 

050 

023820 

0.1 0 

0 2 .2 2 9 4 

015217 

0 0 .2 1 6 9 

0 1.58 9 0 

0 1.4 1 1 6 

050 

023820 

02 0 

021808 

0 1 .7 0 7 3 

0 0 .0 0 0 0 

0 1.6 4 0 1 

0 1 .4 8 8 2 

05 0 

023306 

0.0 0 

022804 

015412 

002188 

0 1.5 4 l 2 

0 1 .3 4 3 0 

050 

023306 

0 J .0 

022294 

015217 

0 0 .0 0 0 0 

0 1.58 8 6 

0 1.4 1 7 6 

050 

02280 4 

020 

022804 

015412 

0 0 .0 0 0 0 

0 1.5 4 1 2 

0 1.35 0 0 
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TABLE I.- FUNCTIONS FOR CALCULATING THE FLOW ABOUT FLAT -TOP 
CONFIGURATIONS - Continued 


H» 5 C 

X 

8 c 

a 

8 C 

&). 

OS. 

( y ) 

v ; */2 

/Vj 

(ft 

0.6 0 

02656 3 

0.0 0 

0 1 .9 9 4 4 

0 1 .7 2 7 8 

0 0 .7 2 1 8 

0 1.7 3 3 6 

013797 

0.6 0 

026563 

0 JL 0 

015489 

0 1 .8 3 8 4 

0 0 .6 8 1 7 

0 1 .7 9 3 1 

0 1.4 8 8 2 

0.60 

026563 

0.20 

015062 

015567 

006400 

0 1.8 5 9 5 

0 1.5 9 9 2 

0.60 

026563 

03 0 

0 1 .8 6 6 1 

0 2 .0 8 3 0 

0 0 .5 9 6 0 

0 1.9 3 2 9 

0 1.7 1 2 9 

0 60 

026563 

0.4 0 

0 1 .8 2 8 7 

0 212 17 5 

006493 

0 2 .0 1 3 2 

0 1.8 2 9 7 

0 60 

02.556 3 

060 

0 1 .7 9 3 8 

023603 

0 0 .4 9 9 0 

0 2.1 0 06 

0 1 .9 4 9 4 

0 6 0 

026563 

0.6 0 

0 1 .7 6 1 3 

0 2 .5 1 1 8 

0 0 .4 4 3 7 

0 2.1 9 5 2 

0 2 .0 7 2 1 

0 .6 0 

026563 

0.7 0 

0 1 .7 3 1 1 

0 2 .6 7 1 9 

003814 

025970 

0 2 n 9 7 7 

0.60 

026563 

0.80 

0 1 .7 0 3 0 

0 2 .8 4 1 0 

003079 

0 2.4 058 

023258 

0.6 0 

026563 

0.9 0 

0 1 .6 7 7 0 

0 3 .0 1 9 1 

005128 

0 2.5 2 09 

0 2.4 5 5 5 

0.6 0 

026563 

IX ) 0 

0 1 .6 5 2 9 

0 312 06 3 

0 0 .0 0 0 0 

0 2.6 3 4 1 

0 2.5 7 7 9 

0 0 

0 2 .4 9 6 4 

0 X )0 

015944 

0 1 .7 2 7 8 

0 0 .6 8 8 9 

0 1.7 3 2 5 

013932 

0.6 0 

0 2 .4 9 6 4 

OH 0 

0 1 .9 4 8 9 

0 1 .8 3 8 4 

0 0 .6 4 6 7 

0 1 .7 9 2 1 

0 1.5 00 6 

0.6 0 

0 2 .4 9 6 4 

0.20 

0 1 .9 0 6 2 

0 1 .9 5 6 7 

0 0 .6 0 2 3 

0 1 .8 5 8 5 

0 1.6 1 0 7 

0.60 

0 2 .4 9 6 4 

03 0 

0 1 .8 6 6 1 

0 2 .0 8 3 0 

006551 

0 1.9 3 1 7 

0 1.7 2 3 7 

0.60 

0 2 .4 9 6 4 

0.4 0 

0 1 .8 2 8 7 

0 212 17 5 

0 o .5 0 4 3 

0 2 .0 1 1 9 

0 1.8 3 9 7 

0.60 

0 2 .4 9 6 4 

060 

0 1 .7 9 3 8 

0 2 3 6 0 3 

0 0 .4 4 8 5 

0 2.0 9 9 1 

0 1.9 5 8 6 

060 

0 2 .4 9 6 4 

0.6 0 

0 1 .7 6 1 3 

026118 

0 0 .3 8 5 7 

0 2.19 3 2 

0 2 .0 8 0 4 

06 0 

0 2 .4 9 6 4 

0.7 0 

0 1 .7 3 1 1 

0 2 .6 7 1 9 

003116 

0 2.29 4 2 

0 2 .2 0 4 8 

OjSO 

0 2 .4 9 6 4 

0.8 0 

0 1 .7 0 3 0 

0 2 .8 4 1 0 

005157 

0 2 .4 0 1 5 

0 2 .3 3 1 0 

OjSO 

0 2 .4 9 6 4 

0.9 0 

016770 

0 3.0 19 1 

0 0 .0 0 0 0 

0 2.5 07 9 

0 2 .4 5 0 9 

0.60 

0 2 .4 3 7 2 

0130 

015944 

0 1 .7 2 7 8 

0 o .6 5 3 3 

0 1.7 3 1 5 

0 1.4 0 6 5 

060 

0 2 .4 3 7 2 

on o 

015489 

0 1 .8 3 8 4 

0 0 .6 0 8 5 

0 1.7 9 1 1 

0 1.5 1 2 9 

0.6 0 

0 2 .4 3 7 2 

0.2 0 

0 1 .9 0 6 2 

0 1 .9 5 6 7 

0 0 .5 6 0 9 

0 1 .8 5 7 5 

0 1.6 2 2 1 

0.6 0 

0 2 .4 3 7 2 

03 0 

0 1 .8 6 6 1 

0 2 .0 8 3 0 

0 0 .5 0 9 6 

0 1.9 3 0 7 

0 1.7 3 4 3 

0.60 

0 2 .4 3 7 2 

0.4 0 

0 1 .8 2 8 7 

0 212 1 7 5 

0 0 .4 5 3 4 

0 2 .0 1 0 8 

0 1.8 4 94 

0.6 0 

0 2 .4 3 7 2 

06 0 

0 1 .7 9 3 8 

0 2 .3 6 0 3 

0 0 .3 9 0 0 

0 2 .0 9 7 6 

0 1.9 6 7 4 

0.60 

0 2 .4 3 7 2 

0.6 0 

0 1 .7 6 1 3 

026118 

0 0 .3 1 5 3 

0 2 .1 9 1 2 

0 2 .0 8 8 1 

0.6 0 

0 2 .4 3 7 2 

0.7 0 

0 1 .7 3 1 1 

0 2 .6 7 1 9 

0 0 .2 1 8 6 

0 2139 09 

025107 

0.60 

0 2 .4 3 7 2 

0.8 0 

0 1 .7 0 3 0 

0 2 .8 4 1 0 

006000 

0 2.3 9 07 

0 2.3 2 8 0 

0.60 

0 2 .3 7 8 5 

0.0 0 

0 1 .9 9 4 4 

0 1 .7 2 7 8 

0 0 .6 1 4 5 

0 1.7 3 06 

0 1.4 1 9 6 

0.60 

023785 

on o 

0 1 .9 4 8 9 

0 1 .8 3 8 4 

0 0 .5 6 6 6 

0 1.79 0 3 

0 1.5 24 9 

OjSO 

023785 

0.2 0 

015062 

0 1 .9 5 6 7 

0 0 .5 1 4 9 

0 1.8 5 6 7 

0 1.6 3 3 2 

OjSO 

023785 

03 0 

0 1 .8 6 6 1 

0 2 .0 8 3 0 

0 0 .4 5 8 2 

0 1.9 2 9 9 

0 1 .7 4 4 5 

0.6 0 

023785 

0.4 0 

0 1 .8 2 8 7 

025175 

003943 

0 2 .0 0 9 7 

0 1 .8 5 8 7 

0.60 

0237 8 5 

060 

0 1 .7 9 3 8 

0 2 .3 6 0 3 

003190 

0 2 .0 9 6 1 

0 1.9 7 5 7 

0.6 0 

0237 8 5 

0 j6 0 

0 1 .7 6 1 3 

026118 

005216 

0 2n 8 8 6 

0 2 .0 9 4 7 

0.6 0 

0237 8 5 

0.7 0 

0 1 .7 3 1 1 

0 2 .6 7 1 9 

0 0 .0 0 0 0 

0 2.2 8 2 2 

0 2 .2 0 9 4 

0.6 0 

02320 6 

OJOO 

0 1 .9 9 4 4 

0 1 .7 2 7 8 

0 0.5 7 1 9 

0 1 .7 2 9 8 

0 1.4 3 25 

0.60 

023206 

ono 

0 1 .9 4 8 9 

0 1 .8 3 8 4 

0 0 .5 2 0 0 

0 1.7 8 9 6 

0 1.5 3 67 

0 j 6 0 

023206 

0120 

0 1 .9 0 6 2 

0 1 .9 5 6 7 

0 0 .4 6 2 9 

0 1.8 5 6 1 

0 1.6 4 4 1 

0.60 

023206 

030 

0 1 .8 6 6 1 

0 2 .0 8 3 0 

0 0 .3 9 8 6 

0 1.9 2 9 1 

0 1.7 5 4 4 

0.6 0 

023206 

0.4 0 

0 1 .8 2 8 7 

0 2 .2 1 7 5 

0 0 .3 2 2 7 

0 2 .0 0 8 6 

0 1 .8 6 7 6 

0.60 

023206 

03 0 

0 1 .7 9 3 8 

0 2 .3 6 0 3 

005246 

0 2 .0 9 4 2 

0 1.9 8 2 9 

0.60 

023206 

06 0 

0 1 .7 6 1 3 

026118 

006000 

0 2n 8 1 7 

0 2.09 5 1 

0.6 0 

02.263 4 

0.0 0 

015944 

0 1 .7 2 7 8 

006247 

0 1.7 2 9 1 

0 1.4 4 5 1 

OjSO 

02.2 6 3 4 

on o 

015489 

0 1 .8 3 8 4 

0 0 .4 6 7 4 

0 1.7 8 9 1 

0 1.5 4 8 3 

OJSO 

02.2 6 3 4 

0.20 

015062 

0 1 .9 5 6 7 

0 0 .4 0 2 7 

0 1.85 5 5 

0 1.6 5 4 7 

OjSO 

02.2 6 3 4 

030 

0 1 .8 6 6 1 

0 2 .0 8 3 0 

003263 

0 1.92 8 4 

0 1 .7 6 3 9 

OjSO 

022634 

0.4 0 

0 1 .8 2 8 7 

025175 

005275 

0 2.0 07 3 

0 1 .8 7 5 6 

OjSO 

022634 

060 

0 1 .7 9 3 8 

0 2 .3 6 0 3 

0 0 .0 0 0 0 

0 2 .0 8 8 9 

0 1.9 8 51 

OjSO 

02.207 2 

0.0 0 

015944 

0 1 .7 2 7 8 

0 0 .4 7 1 4 

0 1.7 2 8 6 

0 1.4 5 7 5 

OjSO 

02 .207 2 

on o 

0 1 .9 4 8 9 

0 1 .8 3 8 4 

0 0 .4 0 6 5 

0 1.78 8 6 

0 1.5 5 9 6 

OjSO 

02.207 2 

012 0 

0 1 .9 0 6 2 

0 1 .9 5 6 7 

003298 

0 1.8 5 5 0 

0 1.6 6 4 9 

0 60 

02.207 2 

030 

0 1 .8 6 6 1 

0 2 .0 8 3 0 

005304 

0 1.9 2 7 5 

0 1.7 7 2 8 

0 60 

02.2 0 7 2 

0.4 0 

0 1 .8 2 8 7 

0 212 17 5 

0 0 .0 0 0 0 

0 2 .0 0 3 3 

0 1 .8 7 9 4 

060 

0 2 .1 5 2 0 

0.0 0 

015944 

0 1 .7 2 7 8 

0 0 .4 0 9 8 

0 1.7 2 8 2 

0 1.4 6 9 6 

06 0 

021520 

on o 

0 1 .9 4 8 9 

0 1 .8 3 8 4 

003329 

0 1 .7 8 8 2 

0 1.5 7 0 6 

06 0 

021520 

0120 

0 1 .9 0 6 2 

0 1 .9 5 6 7 

005331 

0 1.8 5 4 5 

0 1.6 7 4 5 

0.6 0 

02 JL 5 2 0 

030 

0 1 .8 6 6 1 

0 2 .0 8 3 0 

006000 

0 1.9 2 4 7 

0 1.7 7 8 4 

0.60 

02298 0 

020 

0 1 .9 9 4 4 

0 1 .7 2 7 8 

003356 

0 1.7 2 7 9 

0 1.4 8 1 4 

0.60 

022980 

on o 

0 1 .9 4 8 9 

0 1 .8 3 8 4 

005357 

0 1.7 8 8 0 

0 1.5 8 1 2 

0 6 0 

022980 

0120 

015062 

0 1 .9 5 6 7 

0 0 .0 0 0 0 

0 1 .8 5 2 8 

0 1.6 8 1 9 

06 0 

022454 

020 

015944 

0 1 .7 2 7 8 

0 012 3 7 8 

0 1 .7 2 7 7 

0 1.4 9 2 9 

06 0 

022454 

on o 

015489 

0 1 .8 3 8 4 

0 0 .0 0 0 0 

0 1.7 8 7 2 

0 1.5 9 0 4 

060 

0 1.99 4 4 

020 

015944 

0 1 .7 2 7 8 

0 0 .0 0 0 0 

0 1.7 2 7 8 

0 1.5 0 4 0 
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TABLE I.- FUNCTIONS FOR CALCULATING THE FLOW ABOUT FLAT -TOP 
CONFIGURATIONS - Continued 



X 

5c 

a 

6c 

(& 

& 


«L 

( jl ) 

0.7 0 

02 J 80 2 

090 

0 1 .8 0 0 2 

019388 

0 0 .7 7 1 1 

0 1.9 5 2 2 

0 1.4 9 9 0 

0.7 0 

02 J 802 

03 0 

0 1 .7 5 9 8 

0 2 .0 8 4 9 

0 0 .7 2 6 5 

0 2 .0 2 3 9 

0 1.6 4 3 1 

0.7 0 

0 2 3 8 0 2 

090 

0 1 .7 2 2 5 

0 2 D 4 2 0 

005807 

0 2 JL 0 5 7 

0 1.7 8 9 4 

0.7 0 

023802 

030 

015880 

0 2 .4 1 0 6 

0 o .6 3 3 0 

0 2.1 9 7 5 

0 1 .9 3 8 8 

0.7 0 

023802 

0.4 0 

0 1.6 56 3 

025909 

003825 

0 2.29 9 4 

0 2 .0 9 1 8 

0.7 0 

023802 

05 0 

01527 3 

0 2 .7 8 3 2 

0 03 28 A 

0 2 .4 1 17 

0 2 D 4 8 8 

0.7 0 

023802 

05 0 

015006 

0 2 .9 8 7 6 

0 0 .4 6 9 2 

0 2 D 3 4 4 

0 2 .4 0 9 8 

0.7 0 

02380 2 

0.7 0 

015761 

0 3 D 04 5 

0 0 .4 0 2 7 

0 2.6 6 7 7 

0 2 D 7 4 7 

0.7 0 

02380 2 

0.8 0 

013538 

0 3 .4 3 3 9 

003244 

0 2.81 1 3 

0 2.7 4 2 9 

O .7 0 

0 2380 2 

0.9 O 

0 1 .5 3 3 3 

0 3 .6 7 6 0 

0 o D 2 3 A 

0 2 .9 6 4 0 

0 2 .9 1 3 0 

0.7 0 

023802 

1.0 0 

015147 

035309 

0 0.0000 

O 3 .1 1 3 3 

O 3 .0 7 2 O 

0.7 0 

0231 7 1 

05 0 

0 1 .8 0 0 2 

0 1 .9 3 8 8 

0 0 .7 3 5 7 

0 1.9 4 9 6 

0 1.5 2 0 4 

0.7 0 

023171 

03 0 

0 1 .7 5 9 8 

0 2 .0 8 4 9 

0 0 .6 8 9 1 

0 2.0 2 1 4 

0 1.6 6 1 8 

0.7 0 

023171 

09 0 

0 1 .7 2 2 5 

0 2 D 4 2 0 

0 0 .6 4 0 7 

0 2.1 0 3 2 

0 1.8 05 9 

0.7 0 

023171 

013 0 

0 1 .6 8 8 0 

0 2 .4 10 6 

0 OD 8 9 7 

0 2 .1 9 4 9 

0 1 .9 5 3 5 

0.7 0 

023171 

0.4 0 

0 1 .6 5 6 3 

0 2 .5 9 0 9 

0 0 .5 3 5 0 

0 2 D 9 6 6 

0 2.1 0 4 9 

0.7 0 

023171 

05 0 

0 1 .6 2 7 3 

0 2 .7 8 3 2 

0 0 .4 7 5 2 

0 2.4 0 8 4 

0 2 D 6 0 3 

0.7 0 

02317 1 

05 0 

015006 

0 2 .9 8 7 6 

0 0 .4 0 8 0 

0 2.5 3 0 4 

0 2 .4 1 9 6 

0.7 0 

023171 

0.7 0 

015761 

0 3 D 04 5 

003290 

0 2.6 6 2 5 

0 2 D 8 2 3 

0.7 0 

023171 

0.8 0 

015538 

0 3 .4 3 3 9 

0 0 D 2 6 9 

0 2.8 0 3 6 

0 2.7 47 3 

0.7 0 

023171 

0.9 0 

015333 

0 3 .6 7 6 0 

0 0 .0 0 0 0 

0 2.9 4 3 1 

0 2 .9 0 2 7 

0.7 0 

022548 

0.0 0 

0 1 .8 0 0 2 

0 1 .9 3 8 8 

0 0.6 97 3 

0 1.94 7 3 

0 1.5 4 1 2 

0 .7 0 

022548 

03 0 

0 1 .7 5 9 8 

0 2 .0 8 4 9 

005483 

0 2 .0 1 9 2 

0 1.6 8 0 0 

0.7 0 

022548 

0.20 

0 1 .7 2 2 5 

0 2 D 4 2 0 

OOD 967 

0 2 .1 0 1 0 

0 1 .8 2 2 0 

0.7 0 

022548 

0130 

0 1 .6 8 8 0 

0 2 .4 1 0 6 

0 OD 4 l 4 

0 2.1 9 2 5 

0 1.9 6 7 7 

0.7 0 

022548 

0.4 0 

0 1 .6 5 6 3 

025909 

0 0 .4 8 1 0 

0 2.29 4 0 

0 2 .1 1 7 4 

0.7 0 

022548 

050 

01527 3 

0 2 .7 8 3 2 

0 0 .4 1 3 2 

0 2 .4 0 5 3 

0 2 D 7 1 0 

0.7 0 

02 D 5 4 8 

0.6 0 

015 Q 06 

0 2 .9 8 7 6 

0 0 .3 3 3 5 

0 2 .5 2 6 4 

0 2.4 28 3 

0.7 0 

022548 

0.7 0 

01.5761 

0 3 D 04 5 

0 0 D 3 0 5 

0 2.6 5 6 5 

0 2.5 8 8 0 

0.7 0 

02 D 5 4 8 

09 0 

015538 

0 3 .4 3 3 9 

0 0 .0 0 0 0 

0 2.7 8 6 4 

0 2 .7 3 9 7 

0.7 0 

021932 

0.0 0 

0 1 .8 0 0 2 

0 1 .9 3 8 8 

0 0.6 5 5 5 

0 1.94 5 2 

0 1.5 6 1 4 

0.7 0 

021932 

03 0 

0 1 .7 5 9 8 

0 2 .0 8 4 9 

0 0 .6 0 3 4 

0 2 .0 1 7 3 

0 1.6 9 7 7 

0.7 0 

021932 

09 0 

0 1 .7 2 2 5 

0 2 D 4 2 0 

0 0 .5 4 7 6 

0 2 .0 9 9 1 

0 1.837 6 

0.7 0 

02193 2 

030 

0 1 j 6 8 8 0 

0 2 .4 10 6 

0 0 .4 8 6 7 

0 2.19 05 

0 1.9 8 1 5 

0.7 0 

023932 

0.4 0 

0 1 .656 3 

0 23 9 09 

0 0 . A 18 3 

0 2.29 16 

0 2.129 3 

0.7 0 

021932 

030 

0 1 .6 2 7 3 

0 2 .7 8 3 2 

003379 

0 2 .4 0 2 2 

0 2 D 8 0 9 

0.7 0 

021932 

05 0 

015006 

0 2 .9 8 7 6 

0 0 D 3 4 0 

0 2 D 2 1 8 

0 2 .4 3 5 2 

0.7 0 

02193 2 

0.7 0 

015761 

0 3 D 04 5 

0 0 .0 0 0 0 

0 2.6 4 2 5 

0 2.5 8 3 1 

0.7 0 

021325 

090 

0 1 .8 0 0 2 

0 1 .9 3 8 8 

0 0 .6 0 9 5 

0 1.9 4 3 4 

0 1.58 1 1 

0.7 0 

021325 

03 0 

0 1 .7 5 9 8 

0 2.0 84 9 

0 0 .5 5 3 4 

0 2 .0 1 5 6 

0 1.7 1 4 9 

0.7 0 

021325 

020 

0 1 .7 2 2 5 

0 2 D 4 2 0 

0 0 .4 9 2 1 

0 2 .0 9 7 4 

0 1.8 5 2 7 

0.7 0 

023325 

0 30 

015880 

0 2 .4 1 0 6 

0 0 .4 2 3 2 

0 2.1 8 8 7 

0 1.9 9 4 6 

0.7 0 

02332 5 

0.4 0 

0 1 .6 5 6 3 

0 2 D 9 0 9 

0 0 .3 4 2 2 

0 2.2 8 9 3 

0 2 .1 4 0 4 

0.7 0 

023325 

05 0 

0 1 .6 2 7 3 

0 2 .7 8 3 2 

0 0 D 3 7 5 

0 2 .3 9 8 7 

0 2 D 8 9 2 

0.7 0 

023325 

05 0 

0 1 .6 0 0 6 

0 2 .9 8 7 6 

0 0 .0 0 0 0 

0 2.5 1 07 

0 2 .4 3 3 1 

0.7 0 

02.07 3 0 

0.0 0 

019002 

0 1 .9 3 8 8 

0 OD 5 8 5 

0 1.9 4 1 8 

0 1.6 0 0 2 

0.7 0 

02.07 3 0 

OIL 0 

0 1 .7 5 9 8 

0 2.0 84 9 

0 0 .4 9 6 9 

0 2 .0 1 4 2 

0 1.7 3 1 6 

0.7 0 

0 2 jO 7 3 0 

0.20 

0 1 .7 2 2 5 

0 2 D 4 2 0 

0 0 .4 2 7 7 

0 2 .0 9 6 0 

0 1.8 6 7 3 

0.7 0 

02 X >7 3 0 

03 0 

0 1 .6 8 8 0 

0 2 .4 1 0 6 

003462 

0 2.1 8 7 0 

0 2 .0 0 7 1 

0.7 0 

02.07 3 0 

0.4 0 

0 1 .6 5 6 3 

0 2 D 909 

0 OD 4 0 8 

0 2.28 6 7 

0 2.1 5 0 2 

0.7 0 

0 2 .0 7 3 0 

050 

0 1 .6 2 7 3 

0 2 .7 8 3 2 

0 0 .0 0 0 0 

023902 

0 2 D 8 9 9 

0.7 0 

0 2 D 1 4 7 

090 

0 1 .8 0 0 2 

0 1 .9 3 8 8 

0 0 D 0 0 9 

0 1.9 4 0 6 

0 1.6 1 8 7 

0.7 0 

0 2 .0 1 4 7 

03 0 

0 1 .7 5 9 8 

0 2 .0 8 4 9 

0 0 .4 3 1 6 

0 2.01 3 1 

0 1.7 47 8 

0.7 0 

0 2 .0 1 4 7 

090 

0 1 .7 2 2 5 

0 2 D 4 2 0 

0 0 .3 4 9 8 

0 2 .0 9 4 8 

0 1.8 8 1 2 

0.7 0 

0 2 .0 1 4 7 

030 

0 1 .6 8 8 0 

0 2 .4 1 0 6 

00 D 439 

0 2 .1 8 5 2 

0 2 .0 1 8 5 

0.7 0 

0 2 .0 1 4 7 

0.4 0 

0 1 .6 5 6 3 

0 2 D 9 0 9 

0 0 .0 0 0 0 

0 2 D 8 0 4 

0 2 .1 5 3 8 

0.7 0 

0 1 .9 5 8 0 

0.0 0 

0 1 .8 0 0 2 

0 1 .9 3 8 8 

0 0 .4 3 4 6 

0 1.9 3 9 6 

0 1.6 3 6 6 

0.7 0 

01.958 0 

03 0 

0 1 .7 5 9 8 

0 2 .0 8 4 9 

003529 

0 2 .0 1 2 3 

0 1.76 3 3 

0.7 0 

015580 

090 

0 1 .7 2 2 5 

0 2 D 4 2 0 

0 OD 4 6 8 

0 2 .0 9 3 7 

0 1.89 4 3 

0.7 0 

015580 

030 

015880 

0 2 .4 1 0 6 

0 0 .0 0 0 0 

0 2 .1 8 0 8 

0 2 .0 2 5 0 

0.7 0 

0 1 .9 0 3 1 

0.0 0 

0 1 .8 0 0 2 

015388 

003550 

0 1.9 3 9 0 

0 1.6 5 3 8 

0.7 0 

019031 

03 0 

0 1 .7 5 9 8 

0 2 .0 8 4 9 

0 0 D 4 9 1 

0 2.01 16 

0 1.7 7 8 1 

0.7 0 

0 1 .9 0 3 1 

0120 

0 1 .7 2 2 5 

0 2 D 4 2 0 

0 0 .0 0 0 0 

0 2.0 9 1 0 

0 1.9 0 3 9 

0.7 0 

0 1 .8 5 0 4 

0.0 0 

0 1 .8 0 0 2 

0 1 .9 3 8 8 

0 OD 5 0 7 

0 1.9 3 8 7 

0 1.6 7 0 3 

0.7 0 

0 1 .8 5 0 4 

03 0 

0 1 .7 5 9 8 

0 2 .0 8 4 9 

0 0 .0 0 0 0 

0 2 .0 1 0 4 

0 1.7 9 0 7 

0.7 0 

0 1.800 2 

090 

0 1 .8 0 0 2 

0 1 .9 3 8 8 

0 0 .0 0 0 0 

0 1.9 38 8 

0 1.6 8 6 0 
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TABLE I.- FUNCTIONS FOR CALCULATING THE FLOW ABOUT FLAT -TOP 
CONFIGURATIONS - Continued 


Hx,8 c 

X_ 

8c 

a 

8 C 


(Vc\ 
VPoo ) 

<*>«/. 

fia \ 

V >00 /*/2 


0.80 

022554 

05 0 

0 1 .6 6 2 1 

021751 

0 0 .8 1 1 0 

0 22 Oil 

0 1.6 3 5 4 

0.8 0 

0 2 D 5 5 4 

OIL 0 

0 1 .6 2 6 4 

0 213 6 2 3 

0 0 .7 6 2 2 

0 2 .2 8 5 2 

0 1 .8 2 0 4 

0.8 0 

022554 

0 2 , 0 

015939 

025647 

0 0 .7 1 3 0 

0 2.3 8 2 9 

0 2 .0 0 6 6 

0.80 

0 2 D 5 5 4 

OJ 0 

0 1 .5 6 4 3 

0 2 .7 8 2 7 

0 0 .6 6 2 1 

0 2.4 9 4 7 

0 2 .1 9 6 1 

0.80 

022554 

0.4 0 

0 1 .5 3 7 6 

0 3.0 16 5 

0 0 .6 0 8 6 

0 2.6 2 07 

0 2 .3 9 0 1 

0.80 

02 D 5 5 4 

0.5 0 

0 1 .5 1 3 3 

0 3 2 6 6 6 

0 0 D 5 1 4 

0 2.7 6 1 0 

0 2.5 8 9 1 

0.80 

02.255 4 

0.6 0 

0 1 .4 9 1 4 

035330 

0 0 .4 8 9 1 

0 2.9 1 5 9 

0 2 .7 9 3 3 

0 JB 0 

022554 

0.7 0 

0 1 .4 7 1 6 

0 3 .8 1 6 1 

0 0 .4 19 1 

0 3 .0 8 5 5 

0 3 .0 0 2 6 

0£0 

02 D 55 4 

0.8 0 

0 1 .4 5 3 8 

041159 

003371 

0 3.26 9 4 

0 3 D 1 6 2 

0£0 

0 2 D 5 5 4 

09 0 

0 1 .4 3 7 6 

0 4 .4 3 2 6 

0 OD 3 1 3 

0 3 .4 6 5 8 

0 3.4 3 2 0 

0£0 

0 2 2 , 5 5 4 

IDO 

0 1 .4 2 3 0 

0 4 .7 6 6 2 

0 0 .0 0 0 0 

0 3.6 5 70 

0 3.6 3 1 6 

0£0 

02.1 89 7 

0.0 0 

0 1 .6 6 2 1 

0 2 .1 7 5 1 

0 0 .7 7 3 3 

0 2.19 6 5 

0 1.6 6 6 7 

0£0 

021897 

OJ . 0 

016264 

023623 

0 0 .7 2 3 0 

0 2.28 03 

0 1.8 4 6 3 

OJBO 

021897 

02 . 0 

015939 

025647 

0 0 .6 7 1 3 

0 2.3 7 8 2 

0 2 .0 2 8 5 

0 .8 0 

02 J . 8 9 7 

03 0 

015643 

0 2 .7 8 2 7 

0 0 .6 1 7 0 

0 2 .4 8 9 8 

0 2 D 1 4 8 

0.80 

021897 

0.4 0 

015376 

0 3.0 16 5 

0 0 .5 5 9 2 

0 2.6 1 5 4 

0 2 .4 0 6 0 

ODO 

021897 

05 0 

015133 

032666 

0 0 .4 9 6 1 

0 2.7 5 5 1 

0 2 .6 0 2 4 

0 .80 

021 . 89 7 

Oi 0 

0 1 .4 9 1 4 

0 35 > 3 3 0 

0 0 .4 2 5 4 

0 2.9 0 9 1 

0 2 .8 0 3 9 

0£0 

0 2 .1 8 9 7 

0-7 0 

0 1 .4 7 1 6 

0 3 .8 1 6 1 

003424 

0 3.0 7 7 0 

0 3 .0 0 9 9 

0 -8 0 

021 . 89 7 

0.8 0 

0 1 .4 5 3 8 

0 4 .1 1 5 9 

0 0 D 3 5 5 

0 3 .2 5 7 3 

0 3 .2 1 8 6 

0.80 

021 . 89 7 

0.9 0 

0 1 .4 3 7 6 

0 4 .4 3 2 6 

0 0 .0 0 0 0 

0 3.4 3 4 9 

0 3.4 1 35 

0.80 

021247 

050 

0 1 .6 6 2 1 

021751 

0 0 .7 3 2 5 

021917 

0 1.6 9 6 7 

0.80 

021 . 2 4 7 

OJ . 0 

0 1 .6 2 6 4 

0 2 .3 6 2 3 

0 0 .6 8 0 0 

0 2.27 6 0 

0 1.8 7 1 4 

0£0 

021247 

02 0 

015939 

0 2 D 6 4 7 

0 0 .6 2 5 1 

0 2.37 3 9 

0 2 .0 4 9 7 

0.8 0 

021247 

03 0 

01564 3 

0 2 .7 8 2 7 

00 D 666 

0 2.4 8 5 4 

0 2 .2 3 2 8 

0.8 0 

021247 

0.4 0 

015376 

0 3 .0 1 6 5 

0 0.5 02 9 

0 2.6 1 0 7 

0 2.4 2 1 1 

0.80 

02.124 7 

050 

0 1 .5 1 3 3 

0 3 D 6 6 6 

0 0 .4 3 1 5 

0 2 .7 4 9 7 

0 2.6 1 4 6 

0.80 

0 2 JL 2 4 7 

05 0 

0 1 .4 9 1 4 

035330 

0 0 .3 4 7 7 

0 2.9 0 2 3 

0 2.8 1 2 9 

0.80 

021247 

0.7 0 

0 1 .4 7 1 6 

0 3 .8 1 6 1 

0 OD 39 6 

0 3 .0 6 7 4 

0 3 .0 1 4 3 

0.8 0 

021247 

050 

0 1 .4 5 3 8 

041159 

0 0 .0 0 0 0 

0 3 D 3 1 9 

0 3 D 0 4 2 

0.80 

0 2 .0 6 0 7 

0.0 0 

0 1 .6 6 2 1 

0 2.1 75 1 

0 0 .6 8 8 0 

021875 

0 1.7 2 5 6 

0.80 

0 2 .0 6 0 7 

OJ . 0 

016264 

0213 6 2 3 

0 0 .6 3 2 6 

0 2.27 2 1 

0 1 .8 9 5 5 

0£0 

0 2 D 6 0 7 

050 

015939 

0 2 D 6 4 7 

0 0 D 7 3 6 

0 2.37 0 2 

0 2 .0 7 0 2 

Q £0 

02 JO 60 7 

03 0 

015643 

0 2 .7 8 2 7 

0 0 .5 0 9 4 

0 2.4 8 1 6 

0 2 D 5 0 1 

0£0 

0 2 .0 6 0 7 

0.4 0 

0 1 .5 3 7 6 

0 3 .0 1 6 5 

0 0 .4 3 7 3 

0 2.6 0 6 4 

0 2.4 3 5 3 

0£0 

0 2 .0 6 0 7 

03 0 

0 1 .5 1 3 3 

0 3 D 6 6 6 

003527 

0 2.7 4 4 4 

0 2.6 2 5 5 

0£0 

0 2 .0 6 0 7 

06 0 

0 1 .4 9 1 4 

0 3 D 3 3 0 

0 0 D 4 3 7 

0 2.89 4 9 

0 2 .8 1 9 4 

0£0 

0 2 .0 6 0 7 

0.7 0 

0 1 .4 7 1 6 

0 3 .8 1 6 1 

0 0 .0 0 0 0 

0 3.0 4 6 8 

0 3 .0 0 4 0 

0.8 0 

0 1 .9 9 7 7 

050 

0 1 .6 6 2 1 

021751 

0 0 .6 3 9 0 

0 2.1 8 3 9 

0 1 .7 5 3 4 

0.8 0 

0 1.99 7 7 

OJ . 0 

016264 

0 2 .3 6 2 3 

0 0 .5 7 9 8 

0 2.2 6 8 8 

0 1.9 1 8 9 

0 £0 

015977 

050 

015939 

0 2 D 6 4 7 

0 0 .5 1 5 2 

0 2.3 6 6 9 

0 2 .0 8 9 8 

0£0 

015977 

030 

01564 3 

0 2 .7 8 2 7 

0 0 .4 4 2 7 

0 2.47 8 1 

0 2 D 6 64 

0£0 

015977 

0.4 0 

015376 

0 3.0 16 5 

003575 

0 2.6 0 2 3 

0 2.4 4 8 3 

0 £ 0 

015977 

05 0 

0 1 .5 1 3 3 

0 3 D 6 6 6 

0 OD 4 7 6 

0 2.7 38 7 

0 2.6 3 4 3 

0£0 

013911 

06 0 

0 1 .4 9 1 4 

0 3 D 3 3 0 

0 0 .0 0 0 0 

0 2.87 8 5 

0 2 .8 1 3 2 

0£0 

015362 

050 

016621 

021751 

0 0 .5 8 4 6 

0 2.1 8 08 

0 1.7 8 0 0 

0£0 

015362 

OJ . 0 

0 1 .6 2 6 4 

0 2 .3 6 2 3 

0 OD 2 0 0 

0 2 .2 6 6 1 

0 1.9 4 1 3 

0£0 

015362 

0.20 

015939 

0 2 D 6 4 7 

0 0 .4 4 7 3 

0 2.3 6 4 2 

0 2 .1 0 8 6 

0£0 

015362 

030 

015643 

0 2 .7 8 2 7 

003618 

0 2 .4 7 5 1 

0 2 D 8 1 7 

0£0 

0 1 .9 3 6 2 

0.4 0 

015376 

0 3 .0 1 6 5 

0 OD 5 1 2 

0 2.59 8 1 

0 2 .4 5 9 4 

0£0 

015362 

05 0 

0 1 .5 1 3 3 

0 3 D 6 6 6 

0 0 .0 0 0 0 

0 2.7 2 6 0 

0 2.6 3 2 4 

0£0 

0 1.87 6 3 

0.0 0 

0 1 .6 6 2 1 

021751 

0 0 .5 2 3 3 

0 2.1 7 8 3 

0 1.8 0 5 6 

0£0 

0 1 .8 7 6 3 

OJ . 0 

016264 

0 2 .3 6 2 3 

0 0 .4 5 0 9 

0 2.2 6 3 9 

0 1.9 6 2 8 

0£0 

0 1 .8 7 6 3 

050 

0 1 .5 9 3 9 

0 2 D 6 4 7 

0 03 6 5 4 

0 2.3 6 2 0 

0 2.1 2 6 4 

0.8 0 

01.876 3 

030 

0 1 .5 6 4 3 

0 2 .7 8 2 7 

0 OD 5 4 4 

0 2 .4 7 2 0 

0 2.29 5 4 

0.8 0 

01 £1 6 3 

0.4 0 

015376 

0 3.0 16 5 

0 0 .0 0 0 0 

0 2.58 8 7 

0 2 .4 6 2 0 

0.80 

01.818 5 

0.0 0 

0 1 .6 6 2 1 

0 2 .1 7 5 1 

0 0 .4 5 2 8 

0 2.17 6 5 

0 1 .8 3 0 0 

0£0 

01.818 5 

OJ . 0 

0 1 .6 2 6 4 

0 2 .3 6 2 3 

0 0 .3 6 7 8 

0 2.2 6 2 3 

0 1.9 8 3 3 

0£0 

0 1.8 1 8 5 

0.2 0 

015939 

0 2 D 6 4 7 

0 0 .2 5 7 1 

0 2.36 0 0 

0 2.1 4 2 9 

0 £0 

0 1 .8 1 8 5 

030 

015643 

0 2 .7 8 2 7 

0 0 .0 0 0 0 

0 2.4 6 5 5 

0 2 .3 0 2 5 

0£0 

01.763 2 

0.0 0 

0 1 .6 6 2 1 

021751 

003686 

021754 

0 1.8 5 3 3 

0.8 0 

01.763 2 

OJ . 0 

0 1 .6 2 6 4 

023623 

0 0 D 5 8 8 

02 D 6 11 

0 2 .0 0 2 6 

0.80 

01.763 2 

050 

0 1 .5 9 3 9 

025647 

0 0 .0 0 0 0 

0 2 .3 5 6 0 

021546 

0.80 

01.710 9 

050 

016621 

021751 

0 0 D 5 9 3 

0 2.1 7 4 9 

0 1.8 7 5 3 

0 £0 

01.7 10 9 

OJ . 0 

0 1 .6 2 6 4 

0 2 .3 6 2 3 

0 0 .0 0 0 0 

0 2 D 5 9 4 

0 2 .0 1 8 9 

0 £0 

01.662 1 

050 

016621 

021751 

0 0 .0 0 0 0 

0 2 JL 7 5 1 

0 1.8 9 6 0 
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TABLE I.- 


FUNCTIONS FOR CALCULATING THE FLOW ABOUT FLAT -TOP 
CONFIGURATIONS - Continued 


Moo&c 

_x_ 

6 C 

a 

5 c 

©„ 

/V\ 

W 0 

(*)*/« 

/Pc\ 

W K/2 

(W 

w* 

0.9 0 

021638 

0.0 0 

011603 

0 2 .4 3 7 4 

0 0 .8 4 3 0 

0 2 .4 8 4 7 

0 1 .7 9 1 4 

0.9 0 

021638 

0.1 0 

011288 

0 2 .6 7 1 9 

0 0 .7 9 0 7 

021790 

0 2 .0 2 2 2 

0.9 0 

021638 

010 

011006 

0 2 .9 2 6 1 

0 0 .7 3 8 5 

021931 

0 2 .2 5 2 7 

ODO 

021638 

013 0 

0 1 .4 7 5 3 

0 3 D 0 0 7 

001850 

0 2.82 6 3 

0 2.4 8 6 7 

ODO 

021638 

0.4 0 

0 1 .4 5 2 7 

0 3 .4 9 5 9 

001291 

0 2.9 7 8 6 

0 2 .7 2 6 1 

0 .9 0 

021638 

0-5 0 

0 1 .4 3 2 5 

0 3 .8 1 2 1 

0 0.5 69 4 

0 3^.5 0 2 

0 2.9 7 2 0 

0 .9 0 

021638 

01 0 

0 1 .4 1 4 4 

041495 

001044 

031414 

032244 

ODO 

021638 

0.7 0 

013983 

041082 

0 0 .4 3 1 8 

031522 

0 3.4 8 3 1 

ODO 

021 . 6 3 8 

0.8 0 

013840 

0 4 .8 8 8 3 

003467 

0 3.7 8 2 1 

0 3.7 4 7 2 

OS 0 

021 . 6 3 8 

05 0 

013711 

052900 

002373 

0 4 .0 2 8 6 

0 4 .0 1 3 5 

0 S 0 

021636 

IX) 0 

0 1-3 5 9 6 

O 5 .7 1 3 3 

0 0 .0 0 o o 

0 4 .2 6 7 3 

0 4 .2 5 7 9 

oso 

021959 

0.0 0 

011603 

0 2 .4 3 7 4 

0 0 .8 0 3 4 

0 2.4 7 5 1 

0 1.8 3 4 2 

oso 

02.0959 

OH 0 

011288 

0 2 .6 7 1 9 

0 0 .7 5 0 0 

021705 

0 2 .0 5 6 0 

oso 

0 2 .0 9 5 9 

02 0 

011006 

0 2 .9 2 6 1 

001955 

0 2.6 8 5 0 

0 2 D 8 0 2 

oso 

021959 

030 

0 1 .4 7 b 3 

0 3 .2 0 0 7 

001387 

0 2.8 1 8 2 

0 2.5 0 9 4 

oso 

0 2 .0 9 5 9 

0.4 0 

0 1 .4 5 2 7 

0 3 .4 9 5 9 

001782 

0 2.97 0 1 

0 2.7 4 4 6 

oso 

0 2 .0 9 5 9 

01 0 

0 1 .4 3 2 5 

0 3 .8 1 2 1 

001125 

0 3 .1 4 l 0 

0 2 .9 8 6 6 

oso 

0 2 .0 9 5 9 

0.6 0 

0 1 .4 1 4 4 

0 4 .1 4 9 5 

0 0 .4 3 8 9 

0 3.3 3 09 

0 3 .2 3 5 0 

oso 

0 2 .0 9 5 9 

0.7 0 

013983 

041082 

001528 

0 3.5 39 5 

0 3 .4 8 9 1 

oso 

0 2 .0 9 5 9 

0.8 0 

013840 

0 4 .8 8 8 3 

0 0 .2 4 2 0 

0 3.7 6 4 7 

0 3.7 4 6 3 

oso 

0 2 .0 9 5 9 

0.9 0 

013711 

0 5 .2 9 0 0 

0 0 .0 0 0 0 

0 3.9 8 5 6 

0 3 .9 8 4 7 

oso 

0 2D 2 8 8 

0.0 0 

011603 

0 2 .4 3 7 4 

0 0 .7 6 0 6 

0 2 .4 6 6 5 

0 1 .8 7 4 7 

oso 

0 2 .0 2 8 8 

on o 

011288 

0 2 .6 7 1 9 

00.7 05 3 

0 2.56 29 

0 2 .0 8 8 5 

oso 

021288 

02, 0 

0 1 .5 0 0 6 

0 2 .9 2 6 1 

001478 

0 2.67 7 7 

0 21067 

0.9 0 

021288 

030 

0 1 .4 7 5 3 

0 3 D 0 0 7 

0 0 .5 8 6 7 

0 2.8 1 09 

0 2.5 3 1 0 

0.9 0 

0 2 D 2 8 8 

0.4 0 

0 1 .4 5 2 7 

0 3 .4 9 5 9 

0 0 .5 2 0 2 

0 2.9 6 2 5 

0 2 .7 6 2 0 

0.9 0 

021268 

010 

0 1 .4 3 2 5 

0 3 .8 1 2 1 

0 0 .4 4 5 9 

0 3.1 3 2 5 

0 2.9 9 9 7 

0.9 0 

02 D 2 8 8 

01 0 

0 1 .4 1 4 4 

041495 

0 0 .3 5 8 8 

0 3.3 2 0 8 

0 3.2 4 3 5 

ODO 

0 2 D 2 8 8 

0.7 0 

013983 

041082 

0 0.2 4 67 

031256 

0 3.4 9 1 1 

0 so 

0 2 D 2 8 8 

010 

013840 

0 4 .8 8 8 3 

0 0 .0 0 0 0 

0 3.72 9 3 

0 3.7 2 3 0 

oso 

0 1.96 2 7 

0.0 0 

0 1 .5 6 0 3 

0 2 .4 3 7 4 

0 0.7 138 

0 2 .4 5 8 9 

0 1.9 1 3 3 

0.9 0 

015627 

0.1 0 

0 1 .5 2 8 8 

021719 

0 0 .6 5 5 9 

0 2.5 5 6 2 

0 2.1 1 9 6 

0.9 0 

015627 

0.20 

0 1 .5 0 0 6 

0 2 .9 2 6 1 

001 94 3 

0 2.6 7 1 4 

0 2.33 2 1 

OSO 

0 1 .9 6 2 7 

030 

0 1 .4 7 5 3 

0 3 D 007 

001274 

0 2.8 0 4 5 

0 2.5 5 1 5 

OSO 

0 1 .9 6 2 7 

0.4 0 

0 1 .4 5 2 7 

0 3 .4 9 5 9 

0 0 .4 5 2 4 

0 2.9 5 5 6 

0 2 .7 7 8 0 

0.9 0 

0 1 .9 6 2 7 

01 0 

0 1 .4 3 2 5 

0 3 .8 1 2 1 

0 0 .3 6 4 5 

0 3.1 2 4 5 

0 3.01 1 0 

050 

0 1 .9 6 2 7 

01 0 

0 1 .4 1 4 4 

0 4 .1 4 9 5 

002 512 

0 3.3 09 7 

032486 

ODO 

0 1 .9 6 2 7 

0.7 0 

013983 

041082 

0 0.00 0 0 

0 3.4 9 6 8 

0 3.4 7 35 

ODO 

011978 

0.0 0 

0 1 .5 6 0 3 

0 2 .4 3 7 4 

001622 

0 2 .4 5 2 4 

0 1.9 5 0 0 

0 .9 0 

0 1 .8 9 7 8 

on o 

011288 

0 2 .6 7 1 9 

0 0 .6 0 0 7 

021504 

0 2.1 49 5 

0.9 0 

0 1 .8 9 7 8 

0 12 0 

011006 

0 2 .9 2 6 1 

0 0 .5 3 3 6 

021659 

0 215 64 

ODO 

011978 

030 

0 1 .4 7 5 3 

0 3 D 007 

0 0 .4 5 8 2 

0 2.79 8 9 

021709 

ODO 

011978 

0.4 0 

0 1 .4 5 2 7 

0 3 .4 9 5 9 

001697 

0 2.9 4 9 3 

0 2 .7 9 2 5 

OSO 

011978 

010 

0 1 .4 3 2 5 

0 3 .8 1 2 1 

0 0 2 5 5 5 

0 3 n 1 59 

0 3 .0 1 9 4 

OSO 

0 1 .8 9 7 8 

01 0 

0 1 .4 1 4 4 

041495 

0 0 .0 0 0 0 

0 3.2 8 69 

0 32368 

OSO 

0 1 .8 3 4 5 

ODO 

011603 

0 2 .4 3 7 4 

001049 

0 2 .4 4 7 0 

0 1.9 8 5 1 

oso 

0 1 .8 3 4 5 

on o 

0 1 .5 2 8 8 

0 2 .6 7 1 9 

0 0 .5 3 8 2 

0 2.5 4 5 6 

0 2.1 7 8 1 

oso 

0 1 .8 3 4 5 

012 0 

0 1 .5 0 0 6 

0 2 .9 2 6 1 

0 0 .4 6 2 9 

0 2.6 6 1 3 

0 2.37 9 5 

oso 

0 1 .8 3 4 5 

030 

0 1 .4 7 5 3 

0 3 D 0 0 7 

001742 

0 2.7 9 4 0 

0 2.5 8 8 8 

oso 

0 1 .8 3 4 5 

0.4 0 

0 1 .4 5 2 7 

0 3 .4 9 5 9 

0 OD 5 9 4 

0 2.9 4 2 8 

0 2 .8 0 4 4 

oso 

0 1 .8 3 4 5 

010 

0 1 .4 3 2 5 

0 3 .8 1 2 1 

0 0 .0 0 0 0 

0 3 .0 9 8 2 

0 3 .0 1 3 7 

oso 

01.77 3 3 

0.0 0 

0 1 .5 6 0 3 

0 2 .4 3 7 4 

001404 

0 2 .4 4 2 7 

0 2 .0 1 8 4 

oso 

0 1 .7 7 3 3 

ono 

011288 

021719 

0 0 .4 6 5 9 

0 2.5 4 19 

0 2 .2 0 5 3 

oso 

0 1 .7 7 3 3 

012 0 

011006 

025261 

0 0 .3 7 7 5 

021576 

0 2 .4 0 1 2 

oso 

0 1 .7 7 3 3 

030 

0 1 .4 7 5 3 

0 3 D 00 7 

00 J 2627 

0 2.7 8 9 3 

0 2.6 0 4 6 

oso 

01.77 3 3 

0.4 0 

0 1 .4 5 2 7 

0 3 .4 9 5 9 

0 0 .0 0 0 0 

0 2.9 2 9 7 

0 2.8 0 5 0 

oso 

0 1.7 1 4 7 

ODO 

011603 

0 2 .4 3 7 4 

0 0 .4 6 6 4 

0 2 .4 3 9 7 

0 2 .0 5 0 0 

oso 

0 1 .7 1 4 7 

ono 

0 1128 8 

0 2 .6 7 1 9 

003791 

0 2.5 39 2 

0 2 D 3 1 1 

oso 

0 1 .7 1 4 7 

0120 

011006 

0 2 .9 2 6 1 

002650 

0 2.6 5 4 5 

0 2.4 2 1 2 

0 so 

0 1.714 7 

030 

0 1 .4 7 5 3 

0 3 D 007 

0 0 .0 0 0 0 

0 2.7 8 0 2 

0 2.6 1 1 7 

oso 

01159 2 

ODO 

011603 

0 2 .4 3 7 4 

001784 

0 2.4 3 7 8 

0 2 .0 7 9 9 

oso 

0 1 .6 5 9 2 

on o 

0 1 .5 2 8 8 

0 2 .6 7 1 9 

002659 

0 2.5 37 3 

0 2 .2 5 5 2 

oso 

0 1 .6 5 9 2 

020 

011006 

025261 

00.00 0 0 

0 2.6 4 9 0 

0 2.4 3 4 9 

oso 

0 1 .6 0 7 5 

OD 0 

011603 

0 2 .4 3 7 4 

002649 

0 2.4 37 1 

0 2.107 9 

oso 

011075 

on o 

011288 

021719 

0 0 D 0 0 0 

021350 

0 2 D 7 5 4 

oso 

011603 

ODO 

0 1160 3 

0 2 .4 3 7 4 

0 0 .0 0 0 0 

0 2.4 37 4 

0 2.13 4 0 
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TABLE I.- FUNCTIONS FOR CALCULATING THE FLOW ABOUT FLAT -TOP 
CONFIGURATIONS - Continued 


McoBc 

A_ 

a 

8 C 

<& 

VPJ 

««/• 



IDO 

0 2 D 9 4 5 

ODO 

0 1 .4 8 3 2 

0 2 .7 2 6 6 

OOD 68 5 

0 2.8 0 3 3 

0 1.9 6 9 1 

IDO 

0 2 D 9 4 5 

0.1 0 

0 1 .4 5 5 5 

0 3D 14 3 

OOD 132 

0 2.9 0 7 1 

0 2D5 0 2 

IDO 

0 2 D 9 4 5 

OD 0 

0 1 .4 3 1 0 

0 3D 27 1 

0 0 .7 5 8 7 

0 3.0 3 7 6 

0 2.5 2 9 0 

IDO 

02D 9 4 5 

0 J 0 

0 1 .4 0 9 3 

0 3 .6 6 5 6 

0 0 .7 0 3 1 

031934 

0 2 .8 1 1 8 

IDO 

0 2 D 9 4 5 

0.4 0 

0 1 D90 2 

0 4 .0 3 0 0 

0 OD 4 5 1 

0 3 D 7 4 2 

0 3.10 1 3 

IDO 

0 2 D 9 4 5 

05 0 

0 1D7 3 3 

0 4 .4 2 0 7 

0 0 D 8 3 4 

0 3D 8 0 4 

0 3 D 9 8 6 

IDO 

0 2 D 9 4 5 

05 0 

0 1D5 8 4 

0 4 .8 3 7 9 

0 0 .5 1 6 4 

0 3.8 1 2 0 

0 3 .7 0 4 0 

IDO 

0 2 D 9 4 5 

0.7 0 

0 1 D 4 5 2 

0 5 D 8 1 6 

0 0 .4 4 1 5 

0 4 .0 6 9 1 

0 4 .0 1 7 2 

IDO 

02D 9 4 5 

OD 0 

0 1 D 3 3 5 

0 5 .7 5 2 0 

0 OD 5 4 0 

0 4 .3 5 0 8 

0 4.33 6 7 

IDO 

0 2 D 9 4 5 

0.9 0 

0 1 D2 3 2 

0 6D 4 9 1 

0 OD 4 1 7 

0 4.6 5 38 

0 4.6 5 8 5 

IDO 

02D 9 4 5 

ID 0 

0 1D1 4 0 

0 6 .7 7 2 8 

0 0 .0 0 0 0 

0 4.9 4 5 8 

0 4 .9 5 1 7 

IDO 

0 2 D 2 4 9 

ODO 

0 1 .4 8 3 2 

0 2 .7 2 6 6 

0 0 .8 2 7 4 

0 2.7 8 7 2 

0 2 .0 2 4 4 

IDO 

02D 2 4 9 

OJL 0 

0 1 .4 5 5 5 

0 3 D 1 4 3 

0 0 .7 7 1 4 

0 2.89 3 4 

0 2D 9 2 2 

IDO 

02D249 

ODO 

0 1 .4 3 1 0 

0 3D 27 1 

0 0 .7 1 4 7 

0 3 .0 2 4 9 

0 2.5 6 2 2 

1X10 

0 2 D 2 4 9 

0.30 

0 1 .4 0 9 3 

0 3 D 6 5 6 

0 0 .6 5 5 8 

031010 

0 2.8 3 8 2 

IDO 

0 2D 2 4 9 

0.4 0 

0 1D902 

0 4 .0 3 0 0 

0 0 .5 9 3 2 

0 3.3 6 1 7 

0 3 .1 2 1 9 

1 D 0 

0 2 D 2 4 9 

OD 0 

0 1 .3 7 3 3 

0 4 .4 2 0 7 

0 0 .5 2 5 3 

0 3.5 6 7 1 

0 3.4 1 3 9 

IDO 

0 2 D 2 4 9 

0.6 0 

0 1 D 5 8 4 

0 4 .8 3 7 9 

0 0 .4 4 9 5 

0 3.79 7 2 

0 3.7 1 4 0 

IDO 

0 2 D 2 4 9 

0.7 0 

0 1 .3 4 5 2 

0 5D 8 1 6 

0 OD 6 0 8 

0 4 D 5 1 5 

0 4 .0 2 1 0 

IDO 

02D 2 4 9 

0.8 0 

0 1 .3 3 3 5 

0 5 .7 5 2 0 

0 0 D 4 6 9 

0 4.32 7 0 

0 4 .3 3 1 4 

IDO 

0 2 D 2 4 9 

0.9 0 

0 1 .3 2 3 2 

0 6 D 4 9 1 

0 0 .0 0 0 0 

0 4 .5 9 6 4 

0 4 .6 1 7 1 

IDO 

01556 1 

ODO 

0 1 .4 8 3 2 

0 2 .7 2 6 6 

0 0.7 8 2 9 

0 2.77 3 0 

0 2 .0 7 6 3 

IDO 

015561 

0.1 0 

0 1 .4 5 5 5 

0 3.0 14 3 

0 0.7 25 4 

0 2.8 8 1 1 

0 2D 3 2 4 

IDO 

0 1 .9 5 6 1 

ODO 

0 1 .4 3 1 0 

0 3 D 2 7 1 

0 0 .6 6 5 8 

0 3.0 1 3 6 

0 2.5 9 4 0 

IDO 

015561 

ODO 

0 1 .4 0 9 3 

0 3 .6 6 5 6 

0 0 .6 0 2 6 

0 3 .1 7 0 1 

0 2 .8 6 3 3 

IDO 

0 1 .9 5 6 1 

0.4 0 

0 1D902 

0 4 .0 3 0 0 

0 0 .5 3 3 9 

0 3 .3 5 0 5 

0 3.1 4 1 1 

IDO 

015561 

ODO 

0 1 .3 7 3 3 

0 4 .4 2 0 7 

0 0 .4 5 7 2 

0 3.5 5 4 9 

0 3 .4 2 7 4 

IDO 

015561 

OD 0 

0 1D58 4 

0 4 .8 3 7 9 

0 0 D 6 7 4 

0 3.78 3 0 

0 3 .7 2 1 2 

IDO 

015561 

0.7 0 

0 1 .3 4 5 2 

0 5D 8 1 6 

0 OD 5 2 1 

0 4 .0 3 2 3 

0 4 .0 1 9 5 

IDO 

015561 

OD 0 

0 1D335 

0 5 .7 5 2 0 

0 0 .0 0 0 0 

0 4D7 9 8 

0 4 .2 9 7 2 

IDO 

01.888 2 

0.0 0 

0 1 .4 8 3 2 

0 2 .7 2 6 6 

00.7 34 3 

0 2.7 6 05 

0 2.1 2 5 3 

IDO 

0 1 .8 8 8 2 

0.1 0 

0 1 .4 5 5 5 

0 3 .0 1 4 3 

0 0 .6 7 4 4 

0 2.87 04 

0 2 .3 7 0 8 

IDO 

01.888 2 

ODO 

0 1 .4 3 1 0 

0 3 .3 2 7 1 

0 0 D 1 0 9 

0 3.0 0 37 

0 2.6 2 4 3 

IDO 

0 1 .8 8 8 2 

ODO 

0 1 .4 0 9 3 

0 3 .6 6 5 6 

0 OD 4 l 7 

0 3.1 6 0 4 

0 2 .8 8 6 9 

IDO 

0 ID 88 2 

0.4 0 

0 1 D 9 0 2 

0 4 D 3 0 0 

0 0 .4 6 4 4 

0 3D 4 0 4 

0 3.15 8 5 

IDO 

0 1 D 8 8 2 

OD 0 

0 1 D 7 33 

0 4 .4 2 0 7 

00D7 37 

0 3.5 4 3 5 

0 3.4 3 8 4 

IDO 

0 ID 88 2 

OD 0 

01D584 

0 4 .8 3 7 9 

0 OD 5 7 1 

0 3.76 7 7 

0 3 .7 2 3 9 

IDO 

0 1 D 8 8 2 

0.7 0 

0 1D452 

0 5 D 8 1 6 

0 0 .0 0 0 0 

0 3.9 9 4 1 

0 3 .9 9 2 8 

IDO 

0 1 D 2 1 7 

ODO 

0 1 .4 8 3 2 

0 2 .7 2 6 6 

0 0 .6 8 0 7 

0 2.7 4 9 9 

0 2JL 7 1 6 

IDO 

0 1 D 2 1 7 

0.1 0 

0 1 .4 5 5 5 

0 3 .0 1 4 3 

OOD 17 4 

0 2.8 6 1 3 

0 2 .4 0 7 4 

IDO 

0 1 D 2 1 7 

OD 0 

0 1 .4 3 1 0 

0 3 .3 2 7 1 

0 0 .5 4 8 3 

0 2.99 5 3 

0 2.6 5 3 2 

IDO 

0 1 D 2 1 7 

ODO 

0 1 .4 0 9 3 

0 3 D 6 5 6 

0 0 .4 7 0 6 

0 3.1 5 2 1 

0 2 .9 0 9 0 

IDO 

0 1D2 1 7 

0.4 0 

0 1 D9 0 2 

0 4 .0 3 0 0 

0 0 D 7 9 4 

0 3 .3 3 1 2 

0 3 .1 7 3 9 

IDO 

0 1 D 2 1 7 

OD 0 

0 1 .3 7 3 3 

0 4 .4 2 0 7 

0 0 D 6 1 8 

0 3.5 3 1 5 

0 3.4 4 5 6 

IDO 

0 1 D 2 1 7 

OD 0 

0 1 D58 4 

0 4 D 3 7 9 

0 0 .0 0 0 0 

0 3.7 37 3 

0 3 .7 0 4 9 

IDO 

0 1 .7 5 7 0 

0.0 0 

0 1 .4 8 3 2 

0 2 .7 2 6 6 

0 0 D 2 1 0 

0 2.7 4 1 2 

0 2 .2 1 5 6 

IDO 

0 1 .7 5 7 0 

0.1 0 

0 1 .4 5 5 5 

0 3 .0 1 4 3 

0 0 .5 5 2 6 

0 2 .8 5 3 8 

0 2.4 4 2 4 

IDO 

0 1 .7 5 7 0 

OD 0 

0 1 .4 3 1 0 

0 3 .3 2 7 1 

0 0 .4 7 5 3 

0 2.9 8 8 3 

0 2.6 8 0 6 

IDO 

0 1 .7 5 7 0 

ODO 

0 1 .4 0 9 3 

0 3 .6 6 5 6 

0 0 .3 8 4 1 

0 3JL 4 4 8 

0 2 .9 2 9 2 

IDO 

0 1 .7 5 7 0 

0.4 0 

0 1D902 

0 4 .0 3 0 0 

0 0 .2 6 5 9 

0 3.3 2 2 1 

0 3.1 8 6 1 

IDO 

0 1 .7 5 7 0 

ODO 

0 1 .3 7 3 3 

0 4 .4 2 0 7 

0 0 .0 0 0 0 

0 3.5 08 0 

0 3.4 3 4 8 

IDO 

01.69 4 7 

ODO 

0 1 .4 8 3 2 

0 2 .7 2 6 6 

0 0 .5 5 3 8 

0 2.7 3 4 4 

0 2D5 7 2 

IDO 

0 U9 4 7 

OJ. 0 

0 1 .4 5 5 5 

0 3 .0 1 4 3 

0 0 .4 7 7 7 

0 2.8 4 7 9 

0 2 .4 7 5 6 

IDO 

0 1 .6 9 4 7 

ODO 

0 1 .4 3 1 0 

0 3 .3 2 7 1 

0 0 .3 8 7 2 

0 2.9 8 2 7 

0 2 .7 0 6 2 

IDO 

01.69 4 7 

OD 0 

0 1 .4 0 9 3 

0 3 .6 6 5 6 

0 OD 69 2 

0 3.1 3 8 0 

0 2 .9 4 6 8 

IDO 

0 1 .6 9 4 7 

0.4 0 

0 1D90 2 

0 4 .0 3 0 0 

0 0 .0 0 0 0 

0 3 .3 0 4 6 

0 3.1 8 3 8 

IDO 

01D 35 4 

0.0 0 

0 1 .4 8 3 2 

0 2 .7 2 6 6 

0 0 .4 7 6 7 

0 2 .7 2 9 6 

0 2D9 6 6 

IDO 

0 ID 3 5 4 

0.1 0 

0 1 .4 5 5 5 

0 3 .0 1 4 3 

0 OD 8 7 9 

0 2.8 4 3 8 

0 2.5 07 0 

IDO 

01.635 4 

OD 0 

0 1 .4 3 1 0 

0 3 .3 2 7 1 

0 0 D 7 1 1 

0 2.9 7 8 1 

0 2 .7 2 9 6 

IDO 

01.635 4 

ODO 

0 1 .4 0 9 3 

0 3D 6 5 6 

0 0 .0 0 0 0 

031260 

0 2 .9 5 3 4 

IDO 

015798 

0.0 0 

0 1 .4 8 3 2 

0 2 .7 2 6 6 

0 0 D 8 5 4 

0 2.72 68 

0 2.33 3 6 

IDO 

015798 

0-1 0 

0 1 .4 5 5 5 

0 3 .0 1 4 3 

0 0 D 7 1 2 

0 2.84 1 1 

0 2.5 3 6 2 

IDO 

015798 

OD 0 

0 1 .4 3 1 0 

0 3D 27 1 

0 0 .0 0 0 0 

0 2.9 7 09 

0 2 .7 4 5 2 

IDO 

0 152 8 9 

ODO 

0 1 .4 8 3 2 

0 2 .7 2 6 6 

0 0 D 6 8 7 

0 2.7 2 5 8 

0 2D 6 8 2 

IDO 

01528 9 

0.10 

0 1 .4 5 5 5 

0 3.0 14 3 

0 0 D 0 0 0 

0 2.8 3 8 2 

0 2.5 6 0 4 

IDO 

0 1.4 83 2 

ODO 

0 1 .4 8 3 2 

0 2 .7 2 6 6 

0 0 .0 0 0 0 

0 2.72 6 6 

0 2.4 0 0 0 
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TABLE I.- FUNCTIONS FOR CALCULATING THE FLOW ABOUT FLAT -TOP 
CONFIGURATIONS - Continued 


MooS c 

Be 

a 

Be 

&). 

(©„ 

(*)«/» 

( p<A 
v p -4 /2 

(4 

1.20 

015985 

030 

013764 

0 3 .3 8 7 3 

0 0 .9 0 4 6 

0 3.55 37 

023959 

1 J 2 0 

015985 

021 0 

013549 

0 3 .8 0 0 1 

00345 1 

0 3.67 0 0 

0 2 .7 8 8 4 

1.20 

015985 

0220 

013364 

0 422 50 3 

0 0 .7 8 7 3 

0 3.8 3 2 4 

0 32 L 7 5 7 

1 .2 0 

015985 

030 

013204 

0 4 .7 3 8 4 

0 0 .7 2 8 6 

0 4 3 3 6 6 

0 3.5 6 8 6 

1.20 

015985 

0.4 0 

013066 

053647 

0 0 .6 6 7 6 

0 422 8 1 2 

0 3 .9 7 1 2 

1.2 0 

015985 

03 0 

0 1 229 4 7 

0 5 .8 2 9 3 

003030 

0 4.56 6 0 

0 43 8 5 3 

1 J 2 0 

0 1 .9 9 8 5 

03 0 

0 12284 3 

0 6 .4 3 2 4 

0 0.5 3 3 0 

0 4 .8 9 1 1 

0 4 .8 1 1 1 

1.2 0 

0 1 .9 9 8 5 

0.7 0 

013753 

0 7 .0 7 4 0 

0 0 .4 5 4 9 

0 5.2 5 6 0 

0 522 4 7 8 

1 J 30 

01-998 5 

030 

0 122675 

0 7 .7 5 4 1 

00J639 

0 53 5 9 1 

0 5.6 9 3 1 

1 J 2 0 

01598 5 

050 

013607 

O 8 .4 7 2 6 

0 0 22 4 7 4 

0 6 .0 9 4 5 

0 6.140 b 

1.2 0 

0 1 .9 9 8 5 

130 

013548 

093296 

003000 

0 6.51 07 

0 6.5 4 3 2 

1.20 

015264 

030 

013764 

033873 

0 0 .8 6 1 6 

0 3.51 7 1 

0 2.4 7 7 5 

1 J 2 0 

015264 

021 0 

013549 

0 3 .8 0 0 1 

0 0 .8 0 2 0 

0 3.6 4 08 

0 2 .8 4 7 1 

1.20 

0 1 .9 2 6 4 

0 22 0 

0 1 .3 3 6 4 

043503 

0 0 .7 4 2 1 

0 3.8 0 69 

0 3 .2 1 9 8 

1.2 0 

015264 

03 0 

013204 

0 4 .7 3 8 4 

0 0 .6 8 0 2 

0 4 .0 1 2 9 

0 3.6 0 1 6 

1 J 2 0 

0 1 .9 2 6 4 

0.4 0 

013066 

053647 

0 0 .6 1 4 5 

043581 

0 3.9 9 5 0 

1 J 2 0 

0 1 .9 2 6 4 

03 0 

013947 

0 5 .8 2 9 3 

0 0 .5 4 3 5 

0 4 .5 4 2 5 

0 4 .4 0 0 5 

1 J 20 

0 1 .9 2 6 4 

03 0 

0138 4 3 

0 6.4 3 2 4 

0 0.4 6 4 2 

0 4.86 5 7 

0 4.8 1 7 7 

1.20 

0 1 .9 2 6 4 

0.7 0 

013753 

0 7.0 74 0 

003718 

0 532 6 4 

052446 

1 J 2 0 

01526 4 

03 0 

013675 

0 7 .7 5 4 1 

0 022 5 3 5 

053199 

0 5.6 7 5 5 

1.20 

0 1 .9 2 6 4 

0-9 0 

013607 

0 8 .4 7 2 6 

003000 

0 6.0 0 2 3 

0 6.0 6 7 5 

1.20 

0 1.8 5 4 9 

03 0 

013764 

033873 

0 0 .8 1 4 9 

0 3.4 8 5 3 

0 2.5 5 3 1 

1 J 20 

0 1 .8 5 4 9 

0210 

013549 

0 3 .8 0 0 1 

0 0 .7 5 4 3 

0 3.6 1 5 0 

0 2.9 02 9 

1.20 

013549 

0 22 0 

013364 

043503 

0 0 .6 9 1 7 

0 3.7 8 4 3 

032618 

1.20 

013549 

030 

013204 

0 4 .7 3 8 4 

0 0 .6 2 5 4 

0 3.9 9 2 0 

0 3.6 3 2 7 

1.20 

0 1 .8 5 4 9 

0.4 0 

013066 

053647 

0 0 .5 5 3 5 

043377 

0 4 .0 1 6 4 

1-2 0 

01354 9 

030 

01394 7 

0 5.8 29 3 

00.4 7 32 

0 4.52 1 2 

0 4 .4 1 2 8 

1.20 

0 1 .8 5 4 9 

03 0 

013843 

0 6 .4 3 2 4 

003796 

0 4 .8 4 1 5 

0 4.8 1 9 9 

1 J 2 0 

013549 

0.7 0 

013753 

0 7 .0 7 4 0 

003595 

0 5.1 9 4 8 

052330 

1.20 

0 1 .8 5 4 9 

0.8 0 

013675 

0 7 .7 5 4 1 

003000 

0 5.5 4 4 3 

0 5.6 1 3 5 

1.20 

0 1 .7 8 4 4 

0.0 0 

013764 

033873 

0 0 .7 6 3 8 

0 3.45 79 

0 2 .6 2 3 7 

1.20 

0 1 .7 8 4 4 

0.1 0 

013549 

0 3 .8 0 0 1 

0 0 .7 0 1 3 

0 3.59 2 5 

0 2 .9 5 6 0 

1 J2 0 

0 1 .7 8 4 4 

022 0 

013364 

043503 

003348 

0 3.76 47 

0 3.3 01 6 

1-2 0 

0 1 .7 8 4 4 

030 

013204 

0 4 .7 3 8 4 

005625 

0 3.97 37 

0 3.6 6 1 5 

1.2 0 

0 1 .7 8 4 4 

0.4 0 

013066 

053647 

0 0 .4 8 1 5 

042195 

0 4 .0 3 5 3 

1 J 20 

0 1 .7 8 4 4 

030 

013947 

0 5 .8 2 9 3 

003869 

0 4.5 014 

0 4.4 21 2 

120 

0 1 .7 8 4 4 

03 0 

013843 

0 6 .4 3 2 4 

0 022 6 5 3 

0 4.8 1 6 2 

0 4 .8 1 5 0 

1.20 

0 1 .7 8 4 4 

0.7 0 

013753 

0 7 .0 7 4 0 

003000 

0 5.1 3 3 6 

051828 

1.20 

0 1 .7 1 5 4 

03 0 

013764 

033873 

0 0 .7 0 7 2 

0 3.4 3 4 8 

0 2.6 9 0 1 

1.20 

0 1 .7 1 5 4 

02 L 0 

013549 

0 3 .8 0 0 1 

003416 

0 3.57 3 6 

0 3 .0 0 6 5 

1.20 

0 1 .7 1 5 4 

02 0 

013364 

0 4 22 5 0 3 

005696 

0 3.7 4 8 1 

033394 

1 .20 

0 1.715 4 

030 

013204 

0 4 .7 3 8 4 

0 0 .4 8 8 5 

0 3.9 5 8 1 

0 3.6 8 8 1 

1.20 

0 1.715 4 

0.4 0 

013066 

053647 

003933 

043032 

0 4 .0 5 0 9 

1.20 

0 1 .7 1 5 4 

03 0 

013947 

0 5 .8 2 9 3 

003707 

0 4 .4 8 1 2 

0 4 .4 2 3 7 

1 J 30 

0 1 .7 1 5 4 

03 0 

0 1384 3 

0 6 .4 3 2 4 

0 0 .0 0 0 0 

0 4.76 7 4 

0 4 .7 7 7 1 

1 J 2 0 

0 1 .6 4 8 5 

0.0 0 

013764 

033873 

003441 

0 3.41 6 1 

0 2.7 5 2 9 

1.20 

0 1 .6 4 8 5 

02 L 0 

013549 

0 3 .8 0 0 1 

005736 

0 3.55 8 2 

0 3 .0 5 4 6 

1.20 

013485 

022 0 

0 1336 4 

043503 

0 0 .4 9 3 3 

0 3.7 3 4 5 

0 337 5 0 

1 J 20 

013485 

030 

013204 

0 4 .7 3 8 4 

0 0 .3 9 8 3 

0 3.9 4 4 8 

0 3 .7 1 2 0 

1.20 

013485 

0.4 0 

013066 

053647 

003752 

0 4 .1 8 7 4 

0 4 .0 6 1 7 

1.20 

013485 

030 

013947 

0 5 .8 2 9 3 

0 0 .0 0 0 0 

0 4 .4 4 3 4 

0 4 .3 9 9 0 

1.20 

013845 

030 

013764 

0 3 .3 8 7 3 

003727 

0 3.4 0 1 8 

0 2 .8 1 2 4 

1 J 2 0 

013845 

02 L 0 

0 135 4 9 

0 3 .8 0 0 1 

0 0 .4 9 4 7 

035465 

0 3.100 4 

1.2 0 

013845 

0 22 0 

013364 

0 4 22 5 0 3 

0 0 .4 0 1 0 

0 3.7 2 3 8 

0 3 .4 0 8 3 

1.2 0 

013845 

030 

0 1 .3 2 0 4 

0 4 .7 3 8 4 

003785 

0 3.9 3 28 

0 3.7 3 2 2 

1.20 

013845 

0.4 0 

013066 

053647 

003000 

0 4 .1 5 9 3 

0 4 .0 5 1 0 

1 .20 

013242 

030 

013764 

0 3 .3 8 7 3 

0 0 .4 9 0 9 

0 3.39 2 0 

0 2 .8 6 8 8 

1 J 2 0 

013242 

02 L 0 

013549 

0 3 .8 0 0 1 

0 0 .4 0 0 2 

0 3.5 3 8 4 

0 3.1 4 3 6 

120 

013242 

022 0 

0 1 3 3 6 4 

0 4 22 5 0 3 

003798 

0 3.71 5 5 

0 3.4 3 85 

1 J 20 

01324 2 

03 0 

013204 

0 4 .7 3 8 4 

0 0 .0 0 0 0 

0 3.91 3 5 

0 3.7 3 6 1 

1 2 . 0 

0 1 .4 6 8 7 

0.0 0 

013764 

0 3 .3 8 7 3 

003946 

033865 

0 2 .9 2 1 8 

1 22 0 

0 1 .4 6 8 7 

0.1 0 

013549 

0 3 .8 0 0 1 

003783 

0 3.5 3 3 6 

031839 

1220 

0 1 .4 6 8 7 

0220 

013364 

043503 

0 0 .0 0 0 0 

0 3 .7 0 4 2 

0 3.4 5 7 4 

122 0 

0 1 .4 1 9 2 

0.0 0 

013764 

0 3 .3 8 7 3 

003731 

0 3.38 5 2 

0 2.9 7 1 0 

1220 

01.4 19 2 

OJL 0 

013549 

0 3 .8 0 0 1 

003000 

0 3.52 9 5 

0 3.2171 

1220 

01376 4 

030 

013764 

0 3 .3 8 7 3 

003000 

0 3.38 7 3 

0 3 .0 1 6 0 


CONFIDENTIAL 


NACA RM A58F02 


k8 



CONFIDENTIAL 



TABLE I.- FUNCTIONS FOR CALCULATING THE FLOW ABOUT FLAT -TOP 

CONFIGURATIONS - Continued 



8 C 

a 

6 c 

Ajsl\ 

vu 


(*>*/* 

(Ec) 


1.4 0 

01.936 6 

050 

013077 

0 4 J . 6 0 4 

005271 

0 4 .4 6 1 5 

0 2 .9 2 2 0 

1.4 0 

015366 

OJ . 0 

0 1 J 2 9 1 1 

0 4 .7 2 3 0 

0 0 .8 6 5 3 

0 4.57 9 3 

0 3 .4 3 8 6 

1.4 0 

015366 

0.20 

015770 

053374 

005054 

0 4 .7 7 1 0 

0 3.9 4 9 4 

1.4 0 

015366 

03 0 

0 1 .2651 

0 6.0 04 1 

0 0 .7 4 4 8 

0 5.02 7 1 

0 4 .4 6 8 7 

1.4 0 

015366 

0.4 0 

0 1 .25 51 

0 6 .7 2 3 1 

0 0 .6 8 2 0 

0 5.3 4 4 0 

0 5 .0 0 2 1 

1.4 0 

015366 

050 

0 1.246 5 

0 7 .4 9 4 5 

0 0 .6 1 5 4 

0 5.7 2 06 

0 5.5 5 1 4 

1.4 0 

015366 

0.6 0 

0 1 .239 2 

0 8 .3 1 8 4 

0 0 .5 4 3 4 

061561 

0 6.11 6 8 

1.4 0 

0 1 .9 3 6 6 

0.7 0 

0 1 .2 3 3 0 

091946 

0 0 .4 6 3 2 

0 6.6 4 9 7 

0 6.6 9 6 8 

1.4 0 

015366 

050 

0 1 .2 2 7 7 

1 0 .1 2 3 1 

003700 

0 7.1 9 8 2 

0 7 .2 8 8 0 

1.4 0 

015366 

0.9 0 

0 1 .2 2 3 2 

1 1 .1 0 3 8 

005508 

0 7.79 2 3 

0 7 .8 8 1 1 

1.4 0 

0 1 .9 3 6 6 

1.0 0 

0 1 .2 1 9 3 

1 2 .1 3 6 6 

0 0 .0 0 0 0 

083566 

0 8.4 09 1 

1.4 0 

015628 

0.0 0 

013077 

0 4 .1 6 0 4 

0 0 .8 8 3 2 

043932 

0 3 .0 2 9 6 

1.4 0 

0 1 .8 6 2 8 

OJ . 0 

015911 

0 4 .7 2 3 0 

0 0 .8 2 1 6 

0 4 .5 2 7 4 

0 3.5 1 3 7 

1 .4 0 

0 1 .8 6 2 8 

0.20 

015770 

053374 

0 0 .7 5 9 8 

0 4.72 7 5 

0 4 .0 0 3 8 

1.4 0 

0 1 .8 6 2 8 

0.3 0 

0 1 .2 6 5 1 

0 6.0 04 1 

0 0 .6 9 5 8 

0 4 .9 8 8 2 

0 4.5 07 5 

1.4 0 

0 1 .8 6 2 8 

0.4 0 

015551 

0 6 .7 2 3 1 

0 0 .6 2 8 2 

053075 

0 5.02 7 6 

1.4 0 

0 1 .8 6 2 8 

050 

015465 

0 7 .4 9 4 5 

0 0 .5 5 5 0 

0 5.6 8 4 3 

0 5.5 6 4 7 

1.4 0 

015628 

0.6 0 

0 1 J 2 3 9 2 

083184 

0 0 .4 7 3 6 

0 6.1179 

0 6.1 1 7 6 

1.4 0 

0 1 .8 6 2 8 

0.7 0 

015330 

091946 

003787 

0 6.6 0 5 8 

0 6.6 8 3 3 

1.4 0 

0 1 .8 6 2 8 

0.8 0 

0 1 .2 2 7 7 

1 0 .1 2 3 1 

005574 

071405 

0 7 .2 5 3 7 

1.4 0 

0 1 .8 6 2 8 

0.9 0 

0 1.22 32 

1 1 .1 0 3 8 

0 0 .0 0 0 0 

0 7.6 5 7 6 

0 7 .7 6 7 9 

1.4 0 

01.789 6 

0.0 0 

0 1 .3 0 7 7 

0 4 .1 6 0 4 

0 0 .8 3 5 5 

043345 

0 3 .1 2 8 9 

1.4 0 

01.7 89 6 

OJL 0 

015911 

0 4 .7 2 3 0 

0 0 .7 7 3 1 

0 4 .4 8 1 8 

0 3.5 8 5 0 

1.4 0 

0 1 .7 8 9 6 

02 . 0 

0 1 .27 7 0 

053374 

0 0 .7 0 8 6 

0 4 .6 8 9 3 

0 4 .0 5 5 4 

1.4 0 

01.7 89 6 

030 

015651 

0 6 .0 0 4 1 

0 0 .6 4 0 2 

0 4.9 5 4 2 

0 4.5 4 3 5 

1.4 0 

0 1 .7 8 9 6 

0.4 0 

015551 

0 6 .7 2 3 1 

0 0 .5 6 6 1 

0 5.27 5 3 

0 5 .0 4 9 8 

1.4 0 

0 1 .7 8 9 6 

03 0 

0 1 .246 5 

0 7 .4 9 4 5 

0 0 .4 8 3 5 

0 5.6 5 1 8 

0 5.5 7 3 6 

1.4 0 

0 1.7 89 6 

05 0 

0 12 39 2 

083184 

0 0 .3 8 7 3 

0 6.0 8 1 9 

0 6.1 1 2 0 

1.4 0 

01.7 89 6 

0.7 0 

0 1 J 2 3 3 0 

0 9.1 9 4 6 

0 0 .2 6 4 0 

0 6.5 5 9 4 

0 6.6 5 7 7 

1.4 0 

0 1 .7 8 9 6 

05 0 

0 1 J 22 7 7 

1 0.1 2 3 1 

00.000 0 

0 7.0 3 0 3 

0 7 .1 5 6 5 

1.40 

0 1.717 3 

05 0 

013077 

0 4 .1 6 0 4 

0 0 .7 8 3 0 

0 4 .2 8 4 4 

0 3.22 1 5 

1.4 0 

0 1 .7 1 7 3 

OJ . 0 

0 1 29 1 1 

0 4 .7 2 3 0 

0 0 .7 1 8 9 

0 4 .4 4 2 5 

0 3.6 5 2 6 

1.4 0 

0 1.717 3 

0.2 0 

0 1 .27 7 0 

0 5 .3 3 7 4 

0 0 .6 5 0 5 

0 4 .6 5 6 4 

0 4 .1 0 4 2 

1.4 0 

0 1 .7 1 7 3 

03 0 

015651 

0 6 .0 0 4 1 

0 0 .5 7 6 0 

0 4.9 2 4 8 

0 4.5 7 6 5 

1.4 0 

01.7 17 3 

0.4 0 

0 1 .25 51 

0 6 .7 2 3 1 

0 0 .4 9 2 7 

0 5.24 7 1 

0 5 .0 6 8 2 

1.4 0 

0 1 .7 1 7 3 

05 0 

0 1 .2 4 6 5 

0 7 .4 9 4 5 

003954 

0 5.6 2 2 0 

0 5.5 7 6 9 

1.4 0 

0 1 .7 1 7 3 

0.6 0 

0 1 2 3 9 2 

0 8 .3 1 8 4 

005704 

0 6 .0 4 4 5 

0 6.0 9 5 9 

1.4 0 

0 1 .7 1 7 3 

0.7 0 

0 1 2 3 30 

0 9 .1 9 4 6 

0 0 .0 0 0 0 

0 6.4 7 0 2 

0 6.5 7 7 2 

1 .4 0 

015466 

0.0 0 

0 1 .3 0 7 7 

0 4 .1 6 0 4 

0 0 .7 2 4 7 

0 4 .2 4 2 6 

0 3 .3 0 8 7 

1.4 0 

0 1 .6 4 6 6 

OJ . 0 

0 \2 9 1 1 

0 4 .7 2 3 0 

0 0 .6 5 7 6 

0 4.4 09 5 

0 3 .7 1 7 2 

1.4 0 

0 1 .6 4 6 6 

0.20 

0 1 .2 7 7 0 

053374 

0 0 .5 8 3 7 

0 4.6 2 8 7 

0 4 .1 5 0 4 

1.4 0 

015466 

03 0 

015651 

0 6 .0 0 4 1 

0 0 .5 0 0 3 

0 4.8 9 9 8 

0 4 .6 0 6 3 

1.4 0 

0 1 .6 4 6 6 

0.4 0 

0 1 .25 51 

0 6 .7 2 3 1 

0 0 .4 0 2 4 

0 5.2 2 2 1 

0 5 .0 8 2 1 

1.4 0 

015466 

050 

0 1 .2 4 6 5 

0 7 .4 9 4 5 

005763 

0 5.59 19 

0 5 .5 7 1 7 

1.4 0 

015466 

0.6 0 

0 1 .2 3 9 2 

0 8 .3 1 8 4 

0 0 .0 0 0 0 

0 5.9 7 3 5 

0 6 .0 3 3 1 

1.4 0 

015781 

0.0 0 

013077 

0 4 .1 6 0 4 

0 0 .6 5 9 3 

0 4 .2 0 9 0 

0 3 .3 9 1 4 

1.4 0 

01578 1 

OJ . 0 

01 .2911 

0 4 .7 2 3 0 

0 0 .5 8 7 4 

0 4 .3 8 3 0 

0 3 .7 7 8 8 

1.4 0 

015781 

0.2 0 

015770 

0 5.3 37 4 

0 0.5 05 3 

0 4.6 06 2 

0 4 .1 9 3 8 

1.4 0 

01578 1 

030 

0 1 .26 5 1 

0 6 .0 0 4 1 

0 0 .4 0 7 7 

0 4 .8 7 8 7 

0 4 .6 3 2 6 

1.4 0 

01578 1 

0.4 0 

0 1 .2 5 5 1 

0 6 .7 2 3 1 

0 0 .2 8 1 3 

0 5.1 9 8 2 

0 5 .0 8 9 2 

1.4 0 

01578 1 

050 

015465 

0 7 .4 9 4 5 

0 0 .0 0 0 0 

0 5.5 3 67 

0 5.5 2 8 0 

1.4 0 

015128 

0.0 0 

0 1 .3 0 7 7 

0 4 .1 6 0 4 

0 0 .5 8 5 1 

0 4 .1 8 3 6 

0 3 .4 7 0 3 

1.4 0 

015128 

OJL 0 

0 12 9 1 1 

0 4 .7 2 3 0 

0 0 .5 0 5 8 

0 4 .3 6 2 9 

0 3 .8 3 7 8 

1.4 0 

015128 

0.20 

015770 

0 5.3 37 4 

0 0 .4 1 0 1 

0 4 .5 8 8 8 

0 4 .2 3 4 4 

1.4 0 

015128 

030 

015651 

0 6.0 04 1 

005846 

0 4.86 0 3 

0 4.6 5 3 8 

1.4 0 

015128 

0.4 0 

0 1 25 51 

0 6 .7 2 3 1 

0 0 .0 0 0 0 

0 5.1 5 7 0 

0 5.06 6 3 

1.4 0 

0 1 .4 5 1 8 

050 

0 1 .3 0 7 7 

0 4 .1 6 0 4 

0 0 .4 9 9 9 

041665 

0 3.5 4 5 5 

1.4 0 

0 1 .4 5 1 8 

OJL 0 

015911 

0 4 .7 2 3 0 

0 0 .4 0 8 1 

0 4 .3 4 9 4 

0 3.8 9 3 9 

1.4 0 

0 1 .4 5 1 8 

0.20 

0 1 .2 7 7 0 

0 5 .3 3 7 4 

005853 

0 4.57 5 8 

0 4 .2 7 1 2 

1.4 0 

0 1 .4 5 1 8 

030 

0 1 26 51 

0 6.0 04 1 

0 0 .0 0 0 0 

0 4.8 32 0 

0 4 .6 5 3 0 

1.4 0 

013966 

0.0 0 

013077 

0 4 .1 6 0 4 

0 0 .4 0 0 0 

0 4.15 7 5 

0 3.6 1 6 8 

1.4 0 

013966 

OJ . 0 

015911 

0 4 .7 2 3 0 

005825 

0 4.3 4 2 0 

0 3 .9 4 6 6 

1.4 0 

013966 

0.20 

015770 

053374 

0 0 .0 0 0 0 

0 4 .5 5 9 5 

0 4 .2 9 3 1 

1.4 0 

013483 

0.0 0 

013077 

0 4 .1 6 0 4 

0 0 .2 7 5 1 

0 4 .1 5 5 9 

0 3.6 8 3 4 

1.4 0 

013483 

OJL 0 

0 1 .291 1 

0 4 .7 2 3 0 

0 0 .0 0 0 0 

0 4 .3 3 6 9 

0 3 .9 9 0 0 

1.4 0 

013077 

0.0 0 

013077 

0 4 .1 6 0 4 

0 0 .0 0 0 0 

0 4 .1 6 0 4 

0 3.7 4 4 0 
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_X_ 

6 C 

a 

8? 


C4 

(*) 

V '*/2 

IpJ 

v / jr/a 


1 j 6 0 

016944 

0.0 0 

016612 

0 5 .0 4 7 8 

005414 

0 53 3 1 2 

0 33 4 6 8 

1.6 0 

0 1 .8 9 4 4 

01 0 

016482 

0 5 .7 8 4 7 

0 0 .8 7 8 5 

0 5.6 3 7 4 

0 4 .2 0 0 3 

1.60 

016944 

06 0 

016375 

0 6 .5 9 0 0 

0 0 .8 1 7 4 

0 5.8 5 4 7 

0 4.8 4 9 7 

1.6 0 

0 1 .8 9 4 4 

030 

016286 

0 7 .4 6 3 8 

0 0.755 5 

0 6.1 6 5 7 

0 5.5 1 2 3 

1.60 

016944 

0.4 0 

016212 

0 8 .4 0 6 1 

0 0 .6 9 1 4 

063634 

061941 

1.6 0 

016944 

06 0 

016151 

0 9 .4 1 6 9 

0 0 .6 2 3 5 

0 7 .0 4 5 0 

0 6.8 9 7 4 

1.6 0 

0 1 .8 9 4 4 

0.6 0 

0 1 .2 0 9 9 

1 0 .4 9 6 1 

0 0 .5 5 0 2 

0 7.6 0 8 5 

0 7.6 2 1 8 

1.6 0 

016944 

0.7 0 

016056 

1 1 .6 4 3 5 

0 0 .4 6 8 6 

086518 

0 8.36 5 1 

1.60 

0 1 .8 9 4 4 

0.8 0 

016020 

1 2 .8 5 9 0 

003738 

0 8.97 0 1 

0 9 .1 2 2 4 

1j6 0 

0 1 .8 9 4 4 

0.9 0 

011989 

1 4 .1 4 2 4 

0 0 6 5 2 8 

0 9 .7 4 9 8 

0 9 .8 8 1 2 

1.6 0 

016944 

1.0 0 

011964 

1 5 .4 9 3 7 

0 0 .0 0 0 0 

1 0 .4 8 6 2 

1 0.5 5 1 5 

1.60 

016194 

0.0 0 

016612 

05.0478 

0 0 .8 9 7 3 

0 5.4 1 9 6 

0 3.6 7 9 9 

IjSO 

016194 

OJLO 

016482 

0 5 .7 8 4 7 

OO.Q 3 4 5 

0 5.55 5 5 

0 4.29 1 7 

1.6 0 

016194 

06 0 

016375 

0 6 .5 9 0 0 

0 0 .7 7 1 5 

0 5.7 8 8 3 

0 4 .9 1 4 2 

1.60 

016194 

030 

0 1 .2 2 8 6 

0 7 .4 6 3 8 

0 0.7 06 2 

0 6.1 08 1 

0 5.55 6 1 

1.60 

0 16 19 4 

0.4 0 

016212 

0 8 .4 0 6 1 

0 0 .6 3 7 2 

0 6.5 1 07 

0 6 .2 2 0 4 

1.6 0 

016194 

06 0 

016151 

0 9.4 1 6 9 

0 0 .5 6 2 6 

0 6.99 3 8 

0 6.9 0 7 1 

1.6 0 

016194 

06 0 

016099 

1 0 .4 9 6 1 

0 0 .4 7 9 7 

0 7.5 5 5 5 

0 7.6 1 4 7 

1.6 0 

0 1 .8 1 9 4 

0.7 0 

016056 

1 1 .6 4 3 5 

0 0 3 8 3 1 

0 8 .1 9 1 7 

0 8 .3 3 8 5 

1.6 0 

016194 

06 0 

016020 

1 2 .8 5 9 0 

0 0 .2 5 9 8 

0 8.89 1 3 

0 9 .0 6 7 5 

1.60 

0 1 .8 1 9 4 

0.9 0 

011989 

1 4 .1 4 2 4 

0 0 .0 0 0 0 

0 9.56 5 0 

0 9.7 2 0 2 

16 0 

0 1 .7 4 5 0 

0.0 0 

016612 

0 5 .0 4 7 8 

0 0 .8 4 9 1 

0 5.32 4 2 

0 3.8 02 8 

16 0 

0 1 .7 4 5 0 

01 0 

016482 

0 5 .7 8 4 7 

0 0 .7 8 5 7 

0 5.4 8 3 9 

0 4 .3 7 8 3 

16 0 

0 1 .7 4 5 0 

060 

016375 

0 6 .5 9 0 0 

0 0 .7 1 9 9 

0 5.7 3 0 2 

0 4.9 7 5 1 

16 0 

0 1 .7 4 5 0 

030 

016286 

0 7 .4 6 3 8 

0 0 .6 5 0 1 

0 6 .0 5 8 0 

053962 

16 0 

0 1 .7 4 5 0 

0.4 0 

016212 

0 8 .4 0 6 1 

0 0 .5 7 4 5 

0 6 .4 6 4 8 

066420 

16 0 

0 1 .7 4 5 0 

060 

0 1 .2 1 5 1 

0 9 .4 1 6 9 

0 0 .4 9 0 4 

0 6.9 4 8 5 

0 6.9 1 0 8 

1 .6 0 

0 1 .7 4 5 0 

0.6 0 

0 1 .2 0 9 9 

1 0 .4 9 6 1 

003923 

0 7.5 0 6 1 

073985 

16 0 

0 1 .7 4 5 0 

0.7 0 

0 160 5 6 

1 1 .6 4 3 5 

006669 

0 8.1 2 8 3 

086952 

16 0 

0 1 .7 4 5 0 

06 0 

016020 

1 2 .8 5 9 0 

0 0 .0 0 0 0 

0 8 .7 4 0 5 

0 8.9 2 7 9 

16 0 

016715 

060 

016612 

0 5.0 4 7 8 

0 0 .7 9 5 9 

0 56 4 3 3 

0 3.9 17 7 

16 0 

0 1 .6 7 1 5 

OJL 0 

016482 

0 5 .7 8 4 7 

0 0 .7 3 0 8 

0 5.4 2 2 4 

0 4 .4 6 0 7 

16 0 

016715 

060 

016375 

0 6 .5 9 0 0 

0 0 .6 6 1 1 

0 5.6 8 0 4 

0 5.0 3 25 

16 0 

0167 1 5 

03 0 

016286 

0 7 .4 6 3 8 

0 0 .5 8 5 1 

0 6 .0 1 5 1 

0 5.6 3 2 4 

16 0 

016715 

0.4 0 

016212 

0 8 .4 0 6 1 

003002 

0 6.4 2 4 9 

066585 

16 0 

016715 

060 

0161 51 

0 9.4 1 6 9 

0 0 .4 0 1 0 

0 6.9 0 7 2 

0 6.9 0 6 7 

16 0 

016715 

06 0 

016099 

1 0 .4 9 6 1 

0 0 6 7 3 8 

0 7.4 5 5 0 

0 7.5 6 8 1 

160 

016715 

0.7 0 

016056 

1 1 .6 4 3 5 

0 0 .0 0 0 0 

0 8 .0 0 6 6 

0 8.1 7 8 0 

16 0 

016995 

060 

0 1 .2 6 1 2 

0 5 .0 4 7 8 

0 0 .7 3 6 6 

0 5.1 7 60 

0 4 .0 2 6 3 

16 0 

016995 

0 J .0 

016482 

0 5 .7 8 4 7 

0 0 .6 6 8 5 

0 5.37 1 0 

0 4.5 3 94 

16 0 

016995 

060 

0 1 .2 3 7 5 

0 6 .5 9 0 0 

003932 

0 5.6 3 8 8 

0 5.08 6 6 

16 0 

01699 5 

030 

0 1 .2 2 8 6 

0 7 .4 6 3 8 

0 0 .5 0 8 3 

0 5.9 7 8 9 

0 5.6 6 4 5 

16 0 

016995 

0.4 0 

016212 

0 8 .4 0 6 1 

0 0 .4 0 8 5 

0 6.38 9 7 

0 666 8 8 

16 0 

016995 

060 

016151 

0 9 .4 1 6 9 

006801 

0 6.8 6 59 

0 6.8 9 0 9 

16 0 

01699 5 

060 

016099 

1 0 .4 9 6 1 

0 0 .0 0 0 0 

0 7.35 8 1 

0 7.4 7 4 7 

16 0 

016299 

06 0 

016612 

0 5.0 4 7 8 

0 0 .6 6 9 7 

0 5 J .2 2 2 

0 4 .1 3 0 1 

16 0 

01629 9 

0.10 

016482 

0 5 .7 8 4 7 

003969 

0 5.3 2 9 8 

0 4.6 1 5 0 

16 0 

016299 

06 0 

0 1 .2 3 7 5 

0 6 .5 9 0 0 

0 0 .5 1 3 4 

0 5.6 0 5 3 

0 5.1 37 5 

16 0 

016299 

030 

016286 

0 7 .4 6 3 8 

0 0 .4 14 1 

0 5.9 4 8 6 

0 5.6 9 1 9 

16 0 

016299 

0.4 0 

016212 

0 8 .4 0 6 1 

006853 

0 6.35 6 4 

0 6.26 9 9 

16 0 

01629 9 

06 0 

0 161 5 1 

0 9.4 1 6 9 

0 0 .0 0 0 0 

0 6.7 9 05 

0 6.8 2 3 5 

16 0 

0 1 .4 6 3 6 

0.0 0 

016612 

0 5 .0 4 7 8 

0 0 .5 9 3 5 

0 5.0 8 1 8 

0 4 .2 2 9 9 

16 0 

0 1 .4 6 3 6 

0.1 0 

016482 

0 5 .7 8 4 7 

0 0 .5 1 3 4 

0 5.29 9 0 

0 4.6 8 7 9 

16 0 

0 1 .4 6 3 6 

060 

016375 

0 6 .5 9 0 0 

0 0 .4 1 6 2 

0 5.57 9 6 

0 5.1 8 5 2 

16 0 

0 1 .4 6 3 6 

030 

016286 

0 7 .4 6 3 8 

006886 

0 5.9 2 2 5 

0 5.7 1 2 9 

16 0 

0 1 .4 6 3 6 

0.4 0 

016212 

0 8 .4 0 6 1 

0 0 .0 0 0 0 

0 6.3 0 0 0 

066310 

16 0 

0 1 .4 0 2 1 

0.0 0 

0 166 1 2 

0 5.0 4 7 8 

003059 

0 5.0 5 5 0 

043261 

160 

0 1 .4 0 2 1 

OJ . 0 

016482 

0 5 .7 8 4 7 

0 0 .4 1 3 3 

056786 

0 4 .7 5 8 0 

16 0 

0 1 .4 0 2 1 

060 

016375 

0 6 .5 9 0 0 

006889 

0 536 09 

056285 

160 

0 1 .4 0 2 1 

030 

0 1 6 2 8 6 

0 7 .4 6 3 8 

0 0 .0 0 0 0 

0 5.8 8 3 7 

0 5.7 0 5 1 

16 0 

013471 

06 0 

016612 

0 5 .0 4 7 8 

0 0 .4 0 3 3 

0 5.0 4 1 4 

0 4 .4 1 8 3 

16 0 

013471 

OJ . 0 

016482 

0 5 .7 8 4 7 

006851 

056681 

0 4 .8 2 4 4 

16 0 

013471 

06 0 

0 1 .2 3 7 5 

0 6 .5 9 0 0 

0 0 .0 0 0 0 

0 5.5 3 9 0 

0 5 .2 5 3 0 

16 0 

016998 

0.0 0 

016612 

0 5 .0 4 7 8 

0 06 75 9 

0 5 .0 3 9 8 

0 4.5 0 4 9 

16 0 

016998 

0 J .0 

016482 

0 5 .7 8 4 7 

0 0 .0 0 0 0 

0 566 2 2 

0 4 .8 7 9 5 

16 0 

016612 

0.0 0 

016612 

0 5 .0 4 7 8 

0 0 .0 0 0 0 

0 5.0 4 7 8 

043840 
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HxjB c 

6 c 

a 

(el 



/W\ 

W x 

1.80 

013643 

030 

012283 

0 6.0 5 0 4 

00.9 5 09 

0 6.7 6 6 1 

0 4 .2 6 7 9 

1.80 

013643 

OJ . 0 

012182 

0 6 .9 8 6 2 

0 0 .8 8 7 4 

0 6.8 4 5 6 

0 5.0 7 1 8 

1 .8 0 

013643 

0.2 0 

012100 

0 8 .0 0 8 7 

0 0 .8 2 5 5 

0 7 .0 8 3 8 

0 5.8 7 5 8 

13 0 

013643 

030 

0 1.20 3 3 

09 JL 18 1 

0 0 .7 6 2 9 

0 7.4 5 2 5 

0 6.6 9 8 6 

13 0 

013643 

0.4 0 

0 1 JL 97 9 

1 0 .3 1 4 1 

0 0 .6 9 7 8 

0 7.9 3 9 7 

0 7.5 4 7 1 

13 0 

013643 

03 0 

01 JL 935 

112967 

0 0 .6 2 9 1 

0 8 .5 3 9 7 

0 8.4 2 3 2 

130 

013643 

03 0 

0 1 JL 8 9 8 

1 2 .9 6 5 6 

0 0 .5 5 4 8 

0 9 .2 4 8 8 

0 9 .3 2 6 3 

13 0 

013643 

0.7 0 

0 1 .1 8 6 9 

1 4 .4 2 0 6 

0 0 .4 7 2 2 

1 0.06 3 4 

1 0.25 3 2 

130 

013643 

0.8 0 

0 1 .1 8 4 4 

1 5 .9 6 1 5 

0 0 .3 7 6 3 

1 0.9 7 6 1 

1 1.1 9 7 3 

130 

013643 

0.9 0 

0 1 .1 8 2 4 

1 7 .5 8 8 1 

002540 

1 1.9 6 8 3 

1 2.1 4 2 1 

130 

013643 

130 

0 1 JL 8 0 8 

19-3002 

0 0 .0 0 0 0 

1 2.9 0 1 0 

1 2 .9 7 1 8 

13 0 

0 1 .7 8 8 6 

030 

012283 

0 6 .0 5 0 4 

0 0 .9 0 6 8 

0 6.59 8 9 

0 4 .4 2 6 4 

130 

0 1 .7 8 8 6 

OJLO 

01 J 2182 

0 6 .9 8 6 2 

0 0 .8 4 3 4 

0 6.7 2 61 

0 5.1 7 9 8 

13 0 

0 1 .7 8 8 6 

020 

0 1 J 21 0 0 

0 8 .0 0 8 7 

0 0.7 79 6 

0 6.9 8 9 5 

0 5.9 5 0 3 

13 0 

0 1 .7 8 8 6 

030 

012033 

0 9 JL 1 8 1 

0 0.7 13 4 

0 7.37 2 8 

0 6.7 4 7 1 

13 0 

0 1 .7 8 8 6 

0.4 0 

0 1 .1 9 7 9 

103141 

0 0 .6 4 3 5 

0 7.86 8 3 

0 7.5 7 32 

13 0 

0 1 .7 8 8 6 

03 0 

0 1 .1 9 3 5 

1 1 1 ) 9 6 7 

0 0 .5 6 7 8 

0 8 .4 7 1 8 

0 8 .4 2 8 1 

130 

0 1 .7 8 8 6 

030 

0 1 .1 8 9 8 

1 2 .9 6 5 6 

0 0 .4 8 3 8 

0 9.1 7 9 4 

0 9 .3 0 9 4 

130 

0 1 .7 8 8 6 

0.7 0 

011869 

1 4 .4 2 0 6 

0 0 .3 8 6 1 

0 9.9 8 5 2 

1 0-2 1 0 9 

130 

0 1 .7 8 8 6 

0.8 0 

011844 

1 5 .9 6 1 5 

00.261 4 

1 0.87 36 

1 1.1 1 8 1 

130 

0 1.7 88 6 

03 0 

01 JL 824 

172881 

0 0 .0 0 0 0 

1 1.7 2 6 2 

1 1.9 2 5 9 

130 

0 1 .7 1 3 3 

0.0 0 

0 1 .228 3 

0 6 .0 5 0 4 

0 0 .8 5 8 5 

0 6 .4 5 6 6 

0 4.5 7 3 2 

130 

0 1 .7 1 3 3 

0.1 0 

0 13 1 8 2 

0 6 .9 8 6 2 

0 0 .7 9 4 3 

0 6.6 2 2 1 

0 5 J 2 8 2 0 

130 

0 1 .7 1 3 3 

0.2 0 

012100 

0 8 .0 0 8 7 

0 0 .7 2 7 7 

0 6.9 0 7 5 

0 6.02 0 3 

130 

0 1 .7 1 3 3 

030 

0 1 .2 0 3 3 

09.1 18 1 

0 0 .6 5 7 0 

0 7.3 0 39 

0 6.7 9 0 8 

13 0 

0 1 .7 1 3 3 

0.4 0 

011979 

1 0 .3 1 4 1 

0 0 .5 8 0 4 

0 7.8 0 6 7 

0 7.5 9 3 1 

130 

0 1 .7 1 3 3 

03 0 

0 1 JL 9 3 5 

1 1 .5 9 6 7 

0 0 .4 9 5 1 

0 8 .4 1 2 1 

0 8 .4 2 4 9 

130 

0 1 .7 1 3 3 

03 0 

011898 

1 2 .9 6 5 6 

0 0-3 95 7 

0 9.1 1 5 2 

092804 

130 

0 1 .7 1 3 3 

0.7 0 

0 1 .1 8 6 9 

1 4 .4 2 0 6 

00268 8 

0 9.9 0 3 1 

1 0.1 4 6 6 

130 

0 1 .7 1 3 3 

0.8 0 

011844 

1 5 .9 6 1 5 

0 0 .0 0 0 0 

1 0.6 7 6 5 

1 0.9 2 9 3 

130 

013389 

0.0 0 

0 1228 3 

0 6 .0 5 0 4 

0 0.8 05 0 

063364 

0 4.7 1 1 1 

130 

013389 

OJL 0 

012182 

0 6 .9 8 6 2 

0 0 .7 3 9 1 

0 6.5 33 2 

0 5.37 9 5 

130 

013389 

020 

012100 

0 8 .0 0 8 7 

0 0 .6 6 8 5 

0 6.8 3 7 5 

0 6.08 6 1 

13 0 

013389 

030 

012033 

0 9 JL 18 1 

002915 

0 7.24 5 3 

0 6.8 2 9 5 

130 

0 13 3 8 9 

0.4 0 

0 1 .1 9 7 9 

1 0 .3 1 4 1 

0 o .5 0 5 4 

0 7.7 5 3 6 

0 7.6 0 6 3 

130 

013389 

03 0 

0 1 JL 9 3 5 

112967 

0 0 .4 0 4 8 

0 8 .3 5 8 2 

0 8.4 1 1 3 

130 

013389 

03 0 

0 1 JL 8 9 8 

1 2 .9 6 5 6 

0 0 .2 7 6 0 

0 9 .0 4 9 0 

0 9 .2 3 2 4 

130 

013389 

0.7 0 

0 1 .1 8 6 9 

1 4 .4 2 0 6 

0 0 .0 0 0 0 

0 9 .7 4 4 3 

0 9 .9 8 6 5 

130 

013660 

0.0 0 

0 1 .2 2 8 3 

0 6 .0 5 0 4 

0 0 .7 4 5 0 

0 6.2 3 69 

0 4 .8 4 2 2 

130 

013660 

OJL 0 

012182 

0 6 .9 8 6 2 

0 0 .6 7 6 1 

0 6 .4 5 9 1 

0 5.4 7 2 9 

130 

013660 

020 

012100 

0 8 .0 0 8 7 

0 0 .6 0 0 0 

0 6.77 9 3 

0 6.1 4 8 0 

130 

013660 

030 

012033 

0 9 JL 18 1 

0 0.5 1 3 9 

0 7.19 6 2 

0 6.8 6 2 9 

130 

013660 

0.4 0 

011979 

1 OJ 314 1 

0 0 .4 1 2 8 

0 7.7 0 7 2 

0 7.6 1 1 4 

13 0 

013660 

03 0 

0 1 JL 9 3 5 

1 1 .5 9 6 7 

002826 

0 8 .3 0 4 5 

0 8 .3 8 2 2 

130 

013660 

03 0 

0 1 .1 8 9 8 

1 2 .9 6 5 6 

0 0 .0 0 0 0 

0 8.9 2 2 7 

0 9 .1 0 3 0 

130 

0 1 .4 9 5 4 

03 0 

012283 

0 6.0 5 0 4 

00.6 77 1 

0 6 JL 5 7 4 

0 4.9 6 8 3 

130 

0 1 .4 9 5 4 

OJL 0 

012182 

0 6 .9 8 6 2 

0 0 .6 0 3 6 

0 6 .4 0 0 0 

0 5.5 6 3 1 

130 

0 1 .4 9 5 4 

020 

012100 

0 8 .0 0 8 7 

0 0 .5 1 9 1 

0 6.7 3 2 7 

0 6.2 JO 6 3 

130 

0 1 .4 9 5 4 

030 

012033 

09 JL 18 1 

0 0 .4 1 8 5 

0 7 jl 5 5 5 

0 6.8 9 05 

130 

0 1 .4 9 5 4 

0.4 0 

0 1 JL 9 7 9 

1 0 .3 1 4 1 

00.288 0 

0 7.6 6 3 3 

0 7 .6 0 4 5 

130 

0 1 .4 9 5 4 

030 

011935 

1 1 .5 9 6 7 

0 0 .0 0 0 0 

0 8 .2 0 6 0 

0 8 .2 8 6 5 

130 

0 1 .4 2 8 4 

030 

012283 

0 6.0 50 4 

002995 

0 6.09 7 9 

0 5.09 0 8 

13 0 

0 1 .4 2 8 4 

OJL 0 

012182 

0 6 .9 8 6 2 

002187 

0 6 .3 5 6 0 

0 5.6 5 0 7 

13 0 

0 1 .4 2 8 4 

020 

012100 

0 8 .0 0 8 7 

0 0 .4 2 0 5 

0 6.69 7 3 

0 6.2 6 0 9 

130 

0 1 .4 2 8 4 

030 

012033 

0 9 JL 18 1 

0 0 J 2 9 1 3 

0 7.1 2 06 

0 6.9 0 9 9 

13 0 

0 1 .4 2 8 4 

0.4 0 

0 1 JL 979 

10-3141 

0 0 .0 0 0 0 

0 7.5 8 9 5 

0 7.5 4 6 1 

130 

013666 

030 

012283 

0 6 .0 5 0 4 

0 0 .5 1 0 0 

0 6 .0 5 8 7 

0 5 .2 1 0 3 

130 

013666 

OJL 0 

012182 

0 6 .9 8 6 2 

0 0 .4 1 6 8 

0 6.32 7 3 

0 5.7 3 5 9 

130 

013666 

0.20 

0 1 .2 1 0 0 

0 8.0 08 7 

002913 

0 6.67 19 

0 6.3 1 0 6 

130 

013666 

03 0 

0 1 .2 0 3 3 

0 9 JL 18 1 

0 0 .0 0 0 0 

0 7 .0 6 9 7 

0 6.8 9 3 0 

130 

013117 

0.0 0 

012283 

0 6 .0 5 0 4 

0 0 .4 0 5 4 

0 6 .0 3 9 5 

0 5.32 6 0 

130 

013117 

OJL 0 

012182 

0 6 .9 8 6 2 

002866 

0 6.31 3 1 

0 5.8 1 7 5 

130 

013117 

020 

012100 

0 8.0 08 7 

0 0 .0 0 0 0 

0 6.6 4 3 6 

0 6.337 4 

130 

0 1.2 6 5 4 

0.0 0 

0 1 .2 2 8 3 

0 6 .0 5 0 4 

00.2762 

0 6 .0 3 8 0 

0 5.4 3 5 7 

130 

0 1.2 6 5 4 

OJL 0 

0 1 .2 1 8 2 

0 6 .9 8 6 2 

0 0 .0 0 0 0 

0 6.3 0 6 6 

0 5 .8 8 5 7 

130 

01.228 3 

0.0 0 

012283 

0 6 .0 5 0 4 

0 0 .0 0 0 0 

0 6.0 5 0 4 

0 5.5 3 6 0 
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TABLE I.- FUNCTIONS FOR CALCULATING THE FLOW ABOUT FLAT -TOP 

CONFIGURATIONS - Continued 


K»6 C 

X 

6 C 

a 

6c 

f “ s \ 

Wo 

/Pq'N 

\ PJ 0 

( Y ) 

V '*/2 

^ P °°/ n/ 2 

(£) 

2 JO 0 

0 ID 4 2 2 

0.0 0 

0 IDO 4 2 

07.1 6 9 0 

0 0 .9 5 7 3 

0 8 .1 6 8 1 

0 5.08 2 4 

2 JO 0 

0 1 .8 4 2 2 

OJL 0 

0 1 .1 9 6 3 

0 8 .3 2 7 8 

0 0 .8 9 3 6 

0 8D 0 4 3 

0 6.05 1 7 

2J00 

0 1 .8 4 2 2 

020 

011901 

0 9D 9 3 9 

0 0 .8 3 1 3 

0 8 .4 5 8 4 

0 7 .0 2 6 6 

2JOO 

0 1 .8 4 2 2 

030 

011851 

1 0 .9 6 7 1 

0 0 .7 6 8 0 

0 8.8 8 7 5 

0 8 .0 2 7 2 

2.0 0 

0 1 .8 4 2 2 

0.4 0 

011812 

1 2 .4 4 7 1 

0 0 .7 0 2 4 

0 9.47 3 0 

0 9 .0 6 0 6 

2.0 0 

0 1 .8 4 2 2 

ODO 

011780 

1 4 .0 3 3 7 

0 0 .6 3 3 0 

1 OD 0 5 1 

1 0.1 28 9 

2.0 0 

0 1 .8 4 2 2 

0.6 0 

011755 

1 5 .7 2 6 6 

0 0 .5 5 8 0 

1 1 .0 7 7 8 

1 1.2 3 0 6 

2.0 0 

0 1 .8 4 2 2 

0.7 0 

0 1 .1 7 3 5 

1 7 .5 2 5 6 

0 0 .4 7 4 8 

1 2 .0 8 5 1 

1 2.36 1 6 

2J00 

0 1 .8 4 2 2 

0.8 0 

011719 

1 9 .4 3 0 2 

0 OD 7 8 1 

1 3D 1 6 9 

1 3.5 1 3 2 

2 JO 0 

0 1 .8 4 2 2 

0.9 0 

011706 

2 1 .4 4 0 4 

0 0 D 5 4 8 

1 4 .4 4 8 4 

1 4.6 6 4 8 

2 JO 0 

0 1 .8 4 2 2 

1 DO 

0 11697 

2 3D 55 9 

0 0 .0 0 o o 

1 5.6 0 1 8 

1 5.6 7 1 3 

2 JO 0 

0 1 .7 6 5 9 

0.0 0 

0 1 D 0 4 2 

0 7.1 6 9 0 

0 0 .9 1 3 4 

0 7.9 3 2 9 

0 5D6 7 1 

2JOO 

0 1 .7 6 5 9 

0.1 0 

0 1 .1 9 6 3 

0 8 .3 2 7 8 

0 0 .8 4 9 7 

0 8 .0 3 9 8 

0 6.1 7 6 8 

2 JO 0 

0 1 .7 6 5 9 

ODO 

0 1 .1 9 0 1 

0 9 .5 9 3 9 

00.785 3 

0 8 .3 3 1 4 

0 7.11 1 4 

2.00 

0 1 .7 6 5 9 

ODO 

011851 

1 0 .9 6 7 1 

0 0 .7 1 8 5 

0 8 .7 8 2 5 

0 8 .0 8 0 1 

2 JO 0 

0 1 .7 6 5 9 

0.4 0 

0 1 .1 8 1 2 

1 2 .4 4 7 1 

0 0 .6 4 7 9 

0 9 .3 8 0 6 

0 9 .0 8 5 8 

2 JO 0 

0 1 .7 6 5 9 

OD 0 

011780 

1 4 .0 3 3 7 

0 0 .5 7 1 6 

1 0.1 1 8 5 

1 0.1 27 7 

2 JO 0 

0 1 .7 6 5 9 

0.6 0 

011755 

1 5 .7 2 6 6 

0 0 .4 8 6 7 

1 0.9 9 0 3 

1 1.2 0 2 0 

2 JO 0 

0 1 .7 6 5 9 

0.7 0 

011735 

1 7D 25 6 

0 OD 8 8 2 

1 1.9 8 7 2 

1 2 .3 0 1 1 

2 JD 0 

0 1 .7 6 5 9 

0.8 0 

0 1 .1 7 1 9 

1 9.4 30 2 

0 0 D 6 2 5 

1 3.08 8 3 

1 3.4 062 

2J00 

0 1 .7 6 5 9 

0.9 0 

011706 

2 1 .4 4 0 4 

0 0 .0 0 0 0 

1 4.1 4 2 1 

1 4 .3 8 6 0 

2.0 0 

0 1 .6 9 0 0 

0.0 0 

0 IDO 4 2 

071690 

00.86 5 2 

0 7.7 33 4 

0 5.4 3 8 9 

2 JO 0 

0 1 .6 9 0 0 

01 0 

011963 

0 8D 27 8 

0 0 .8 0 0 6 

0 7.8 9 7 2 

0 6D 9 5 4 

2 JO 0 

0 ID 9 0 0 

ODO 

0 1 .1 9 0 1 

0 9 D 9 3 9 

0 0 .7 3 3 3 

0 8 .2 2 1 5 

0 7 .1 9 0 7 

2 JO 0 

0 1 .6 9 0 0 

ODO 

011851 

1 0 .9 6 7 1 

0 0 .6 6 1 9 

0 8 .6 9 2 2 

0 8JL27 0 

2 JO 0 

0 1D9 0 0 

0.4 0 

0 1.18 1 2 

1 2 .4 4 7 1 

0 0 .5 8 4 5 

0 9 .3 0 1 4 

0 9 .1 0 3 3 

2J00 

0 1 D 9 0 0 

ODO 

0 1 .1 7 8 0 

1 4 .0 3 3 7 

0 0 .4 9 8 4 

1 0.04 3 2 

1 0.1 1 6 0 

2 JO 0 

0 1 .6 9 0 0 

0.6 0 

0 1 .1 7 5 5 

1 5 .7 2 6 6 

0 0 .3 9 8 2 

1 0.9 1 0 0 

1 1.1 5 8 0 

2.00 

0 1 D 9 0 0 

0.7 0 

011735 

1 7D 25 6 

0 0 .2 7 0 1 

1 1.8 8 4 5 

1 2D1 24 

2 JO 0 

0 1 .6 9 0 0 

0.8 0 

011719 

1 9.4 3 02 

0 0 jO 0 0 0 

1 2.8 39 5 

1 3.16 1 6 

2 JO 0 

01.61 4 9 

0.0 0 

0 1 DO 4 2 

073.69 0 

0 0 .8 1 1 5 

0 7D6 5 3 

0 5.6 00 9 

2X)0 

0 1 .6 1 4 9 

03.0 

011963 

0 8 .3 2 7 8 

0 0 .7 4 5 1 

0 7.77 5 6 

0 6.4 0 8 5 

2.0 0 

0 1 D 1 4 9 

ODO 

011901 

0 9 .5 9 3 9 

0 OD 7 3 8 

0 8 .1 2 8 0 

0 7 D 6 5 0 

2.0 0 

0 1 D 1 4 9 

ODO 

011851 

1 0 .9 6 7 1 

0 0 .5 9 6 1 

0 8.6 1 58 

0 8.16 7 6 

2.0 0 

0 1 D 1 4 9 

0.4 0 

011812 

1 2 .4 4 7 1 

0 OD 0 9 1 

0 9 D 3 3 8 

0 9.1 1 2 0 

2.00 
2.0 0 

UiiU 

8io 

8H?IS 

nnn 

mm 

nun 

1 2:81 © ^ 

2.0 0 

0 ID 1 4 9 

0.7 0 

011735 

1 7 .5 2 5 6 

0 0 .0 0 0 0 

1 1.6 8 4 4 

1 2 .0 0 3 5 

2J00 

0 1D4 1 3 

0.0 0 

0 IDO 4 2 

071690 

0 0 .7 5 1 1 

0 7 .4 2 6 3 

0 5.7 5 5 7 

2 JO 0 

0 ID 4 1 3 

OJ. 0 

011963 

0 8D 27 8 

0 0 .6 8 1 7 

0 7.6 7 4 6 

0 6.5 1 7 2 

2 X) 0 

0 ID 4 1 3 

ODO 

0 1 .1 9 0 1 

0 9.5 9 39 

0 0 .6 0 4 8 

0 8 .0 5 0 7 

0 7 .3 3 4 7 

2 JO 0 

0 1 D 4 1 3 

ODO 

011851 

1 0 .9 6 7 1 

0 0 D 1 7 9 

0 8.55 2 3 

0 8 .2 0 1 7 

2 JOO 

0 ID 4 1 3 

0.4 0 

011812 

1 2 .4 4 7 1 

0 0 .4 1 5 8 

0 9.17 5 1 

0 9 .1 1 0 3 

2 JO 0 

0 1 D 4 1 3 

ODO 

011780 

1 4 .0 3 3 7 

0 0 .2 8 4 4 

0 9.9 0 8 5 

1 0.0 4 6 2 

2.0 0 

0 ID 4 1 3 

0.6 0 

0 13L7 5 5 

1 5 .7 2 6 6 

0 0 .0 0 0 0 

1 0.6 6 8 5 

1 0.9 18 9 

2.0 0 

0 1.4 7 0 0 

0.0 0 

0 IDO 4 2 

073.69 0 

0 0 .6 8 2 5 

0 7.31 5 5 

0 5.9 0 5 7 

2 JOO 

0 1.47 0 0 

0 J. 0 

011963 

0 8 .3 2 7 8 

0 0 .6 0 8 5 

0 7.59 4 1 

0 6.6 2 2 7 

2 JOO 

0 1 .4 7 0 0 

ODO 

0 13.901 

0 9 D 9 3 9 

OOD 232 

0 7.9 8 9 1 

0 7 .4 0 0 2 

2D 0 

0 1 .4 7 0 0 

ODO 

011851 

1 0 .9 6 7 1 

0 0 .4 2 1 7 

0 8 .4 9 9 9 

0 8 .2 2 8 4 

2D 0 

0 1 .4 7 0 0 

0.4 0 

011812 

1 2 .4 4 7 1 

0 0 D 8 9 9 

0 9.1 1 9 8 

0 9 .0 9 3 3 

2 D 0 

0 1 .4 7 0 0 

ODO 

011780 

1 4 .0 3 3 7 

0 0 .0 0 0 0 

0 9.78 4 3 

0 9 .9 1 7 6 

2 D 0 

0 1 .4 0 2 5 

0.0 0 

0 IDO 4 2 

0 7.169 0 

0 0 .6 0 3 8 

072328 

0 6.05 2 7 

2 D 0 

0 1 .4 0 2 5 

03. 0 

0 1 .1 9 6 3 

0 8 .3 2 7 8 

0 0 .5 2 2 5 

0 7.5 3 4 5 

0 6.7 2 6 1 

2 D 0 

0 1 .4 0 2 5 

ODO 

011901 

0 9 D 9 3 9 

0 0 .4 2 3 5 

0 7.9 4 2 6 

0 7.4 6 1 7 

2 D 0 

0 1 .4 0 2 5 

ODO 

011851 

1 0 .9 6 7 1 

0 0 .2 9 3 3 

0 8.45 5 3 

0 8.24 5 1 

2D 0 

0 1 .4 0 2 5 

0.4 0 

0 1 JL8 1 2 

1 2 .4 4 7 1 

0 0 .0 0 0 0 

0 9 .0 2 6 5 

0 9 .0 1 2 1 

2 D 0 

013403 

0.0 0 

0 IDO 4 2 

071690 

0 0 .5 1 3 0 

0 7.17 8 6 

0 6.1 9 7 8 

2 D 0 

013403 

03. 0 

0 1 .1 9 6 3 

0 8D 27 8 

0 0 .4 1 9 3 

0 7 .4 9 6 0 

0 6.8 27 6 

2 D 0 

0 1 .3 4 0 3 

OD 0 

011901 

0 9 D 9 3 9 

0 OD 9 3 0 

0 7.9 0 9 7 

0 7.5 17 7 

2 D 0 

0 ID 40 3 

OD 0 

0 1 .1 8 5 1 

1 0 .9 6 7 1 

0 0 .0 0 0 0 

0 8 .3 9 0 9 

0 8 .2 1 6 9 

2 D 0 

0 ID 8 5 6 

0.0 0 

0 1 DO 4 2 

071690 

0 0 .4 0 6 6 

0 7.1 5 2 4 

0 6D 3 9 9 

2D 0 

0 1J2 8 5 6 

03. 0 

013L96 3 

0 8 .3 2 7 8 

0 0 D 8 7 6 

0 7.47 7 6 

0 6.9 25 9 

2 D 0 

012856 

ODO 

011901 

0 9 .5 9 3 9 

0 0 .0 0 0 0 

0 7.87 4 2 

0 7.5 4 65 

2.0 0 

0 1 .2 4 0 0 

0.0 0 

0 1 DO 4 2 

0 7.1 6 9 0 

00D761 

071513 

0 6.4 7 5 7 

2 D 0 

0 ID 40 0 

03. 0 

011963 

0 8 .3 2 7 8 

0 0 .0 0 0 0 

0 7.4 7 0 6 

0 7 .0 0 8 8 

2 D 0 

0 1.204 2 

0.0 0 

0 1 DO 4 2 

071690 

0 0 .0 0 0 0 

071690 

0 6.6 0 0 0 
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TABLE I.- FUNCTIONS FOR CALCULATING THE FLOW ABOUT FLAT -TOP 
CONFIGURATIONS - Continued 



6 c 

a 

&c 

(& 

/Pc\ 

Wo 

(y) 

v 'x/z 

© 

N / Jt/2 

AeA 

Wk 

2.50 

01507 2 

05 0 

0 15L66 2 

1 0 .4 7 5 5 

005667 

1 2.4 1 3 6 

075173 

2.50 

0 1 .8 0 7 2 

05L0 

011621 

1 2.2973 

009028 

1 2.26 1 3 

0 8.9 6 91 

2.5 0 

0 1 .8 0 7 2 

0 D 0 

011592 

1 4 .2 8 6 3 

0 0 .8 3 9 9 

1 2 .5 3 0 8 

1 0.4 4 4 9 

2.5 0 

0 1 .8 0 7 2 

0.3 0 

0 1 .1 5 7 0 

1 6 .4 4 2 0 

0 0.77 5 8 

1 3.12 38 

1 1.9 67 7 

2.50 

015072 

0.4 0 

0 15L5 5 4 

1 8 .7 6 3 9 

0 0 .7 0 9 3 

1 3.99 4 3 

1 3.54 5 3 

2.50 

0 1 .8 0 7 2 

0.5 0 

011543 

2 1 D 5 1 5 

0 0 .6 3 8 9 

1 5.1 1 7 5 

1 5.1 7 9 0 

2.50 

015072 

0.6 0 

011.535 

2 3 .9 0 4 2 

005629 

1 6.47 7 8 

1 6.8 6 5 5 

2.50 

0 1 .8 0 7 2 

0.7 0 

0 15L5 3 0 

2 6 .7 2 1 7 

0 0 .4 7 8 5 

1 8 .0 6 1 4 

1 8.5 9 7 4 

250 

0 1 .8 0 7 2 

0.8 0 

0 11.5 2 8 

2 9 .7 0 3 6 

0 0 J5 8 0 6 

1 9 .8 4 8 7 

2 0 .3 6 0 3 

2.50 

0 1 .8 0 7 2 

0.90 

0 15L5 27 

3 2 .8 4 9 5 

0 0 D 5 5 9 

2 1 .7 9 5 7 

2 2 .1 2 0 5 

2.5 0 

0 1 .8 0 7 2 

IDO 

011527 

3 6JL 59 1 

0 0 .0 0 0 0 

2 3.6 0 68 

2 3.6 4 6 6 

2.5 0 

0 1 .7 2 9 9 

0.0 0 

011662 

1 0 .4 7 5 5 

0 0 .9 2 3 2 

1 1.9 5 1 7 

0 7 .7 7 3 9 

2.5 0 

0 1 .7 2 9 9 

0.1 0 

011621 

1 2D 9 7 3 

0 0 .8 5 9 1 

1 1.9 5 1 6 

0 9 .1 4 1 5 

2.50 

0 1 .7 2 9 9 

0.20 

0 1 JL 5 9 2 

1 4 .2 8 6 3 

0 0 .7 9 3 9 

12.3 018 

1 0.5 5 7 5 

2.50 

0 1 .7 2 9 9 

03 0 

0 1 .1 5 7 0 

1 6 .4 4 2 0 

0 0 .7 2 6 2 

1 2.9 4 1 7 

1 2.03 1 8 

2.5 0 

0 1 .7 2 9 9 

0.4 0 

0 1 .1 5 5 4 

1 8 .7 6 3 9 

0 0 .6 5 4 6 

1 3.8 3 9 7 

1 3.5 6 6 1 

2.5 0 

0 1 .7 2 9 9 

050 

0 15L5 4 3 

2 1 D 5 1 5 

005771 

1 4.97 68 

1 5.15 8 1 

250 

0 1 .7 2 9 9 

05 0 

011535 

2 3 .9 0 4 2 

0 0 .4 9 1 1 

1 6.3 38 4 

1 6.8 0 0 8 

2 .5 0 

0 1 .7 2 9 9 

0.7 0 

0 1 .1 5 3 0 

2 6 .7 2 1 7 

00J3912 

1 7.9 0 6 8 

1 8.4 8 1 3 

2.50 

0 1 .7 2 9 9 

0.8 0 

0 1 .1 5 2 8 

2 9 .7 0 3 6 

0 OD 6 4 0 

1 9.6 4 4 3 

2 0-1 6 9 1 

2.50 

0 1.7 2 9 9 

0.9 0 

011527 

3 2 .8 4 9 5 

0 0 .0 0 0 0 

2 1.29 8 4 

2 1.6 5 4 5 

2.50 

015530 

050 

C 15L66 2 

1 0 .4 7 5 5 

0 0 .8 7 5 3 

1 1.56 2 2 

0 8 .0 1 4 5 

2.5 0 

015530 

01. 0 

011621 

1 2.2973 

0 0 .8 1 0 0 

1 1.6 8 5 1 

09J3 0 4 9 

2.50 

015530 

0.20 

011592 

14^863 

0 0 .7 4 1 8 

1 2.1 0 5 3 

1 0.6 6 1 9 

2.5 0 

015530 

030 

011570 

1 6 .4 4 2 0 

0 0 .6 6 9 4 

1 2.7 8 7 1 

1 2 .0 8 5 9 

2.5 0 

015530 

0.4 0 

011554 

1 8 .7 6 3 9 

00.5 9 09 

1 3.7 09 3 

1 3.5 7 4 0 

2.5 0 

015530 

050 

0 1 .1 5 4 3 

2 ID 51 5 

005034 

1 4.85 6 6 

1 5 .1 1 9 5 

2.5 0 

015530 

05 0 

011535 

2 3 .9 0 4 2 

0 0 .4 0 1 8 

1 6.2 1 2 6 

1 6.7 1 0 2 

2.5 0 

015530 

0.7 0 

011530 

2 6 .7 2 1 7 

0 0 D 7 2 0 

1 7.74 5 5 

1 8.3 1 8 6 

2.5 0 

015530 

050 

011528 

2 9 .7 0 3 6 

0 0 .0 0 0 0 

1 9D 4 2 4 

1 9 .7 5 6 8 

2.50 

015768 

0.0 0 

011662 

1 0 .4 7 5 5 

0 0 .8 2 1 5 

1 ID 3 5 7 

0 8 .2 4 3 3 

2.5 0 

015768 

01 0 

011621 

1 2D97 3 

0 0 .7 5 4 3 

1 1.4 5 9 3 

0 9 .4 6 1 0 

2.5 0 

015768 

0.20 

011592 

1 4D 86 3 

0 0 .6 8 2 0 

1 1.9 3 9 8 

1 0.7 5 8 6 

2.5 0 

015768 

030 

0 1 .1 5 7 0 

1 6 .4 4 2 0 

0 0 .6 0 3 1 

1 2.6 5 8 1 

1 2.1 2 9 9 

2.5 0 

015768 

0.4 0 

011554 

1 8 .7 6 3 9 

0 0 .5 1 4 8 

1 3.59 9 9 

1 3.5 6 7 3 

2.5 0 

01576 8 

05 0 

011543 

2 ID 5 1 5 

0 0 .4 1 1 7 

1 4 .7 5 0 7 

1 5 .0 5 8 6 

2.5 0 

0157 6 8 

05 0 

011535 

2 3 .9 0 4 2 

0 0 D 7 9 9 

1 6.08 38 

1 6.57 9 0 

2. 50 

015768 

0.7 0 

0 1 .1 5 3 0 

2 6 .7 2 1 7 

0 0 .0 0 0 0 

1 7.4 2 37 

1 7.9 6 2 3 

2.5 0 

015020 

0.0 0 

0 1-16 6 2 

1 0 .4 7 5 5 

0 0 .7 6 0 7 

1 0.9 6 6 7 

0 8 .4 6 4 2 

2.5 0 

015020 

05L 0 

011621 

1 2D 97 3 

0 0 .6 9 0 4 

1 1.27 2 6 

0 9.6 1 1 9 

2.5 0 

015020 

OD 0 

011592 

1 4 D 8 6 3 

0 0 .6 1 2 3 

1 1.8 0 4 0 

1 0.8 4 8 5 

2 .5 0 

015020 

030 

0 1 JL5 7 0 

1 6 .4 4 2 0 

005241 

1 2.5 5 2 2 

1 2.1 6 3 1 

2.5 0 

015020 

0.4 0 

0 1 .1 5 5 4 

1 8 .7 6 3 9 

0 0 .4 2 0 4 

1 3.5 0 6 4 

1 3.5 4 2 8 

2.50 

01502 0 

050 

0 1 JL5 4 3 

2 ID 5 1 5 

0 OD 8 7 1 

1 4.6 4 5 5 

1 4.9 6 4 2 

2.50 

015020 

0.6 0 

0 1 JL5 3 5 

2 3 .9 0 4 2 

0 0 .0 0 0 0 

1 5.8 2 8 6 

1 6.2 8 2 7 

2.5 0 

0 1 .4 2 9 5 

0.0 0 

0 1 JL66 2 

1 0 .4 7 5 5 

0 0 .6 9 1 0 

1 0.7 5 2 5 

0 8.6 8 1 5 

2.50 

0 1 .4 2 9 5 

01. 0 

0 1 JL6 2 1 

1 2 D 9 7 3 

0 0 .6 1 6 0 

1 1.1 2 4 4 

0 9 .7 5 9 7 

2.50 

0 1 .4 2 9 5 

0.20 

0 1 JL5 9 2 

1 4 D 8 6 3 

0 0 .5 2 9 5 

1 1.69 6 7 

1 0.9 3 2 5 

2.50 

0 1 .4 2 9 5 

030 

011570 

1 6 .4 4 2 0 

0 0 .4 2 6 5 

1 2 .4 6 6 0 

1 2.1 8 4 3 

2 J5 0 

0 1 .4 2 9 5 

0.4 0 

011554 

1 8 .7 6 3 9 

0 OD 92 8 

1 3.4 1 8 5 

1 3.4 9 2 7 

2.50 

0 1 .4 2 9 5 

05 0 

011543 

2 1 D 5 1 5 

0 0 .0 0 0 0 

1 4 .4 4 6 0 

1 4 .7 3 4 5 

2.50 

0 153 6 1 0 

0.0 0 

0 1 JL 6 6 2 

1 0 .4 7 5 5 

0 0 .6 1 0 6 

1 0.59 3 0 

0 8 .8 9 8 9 

2.5 0 

0 1536 1 0 

0.1 0 

0 1 JL 6 2 1 

1 2D 9 7 3 

005284 

1 1.01 5 4 

0 9 .9 0 7 0 

2 .5 0 

01556 1 0 

052 0 

01 JL592 

1 4 D 8 6 3 

0 0 .4 2 8 1 

1 1.6 1 67 

1 1.01 1 4 

2.5 0 

0 153 6 1 0 

030 

011570 

1 6 .4 4 2 0 

0 0 .2 9 6 1 

1 2 .3 9 3 0 

1 2 .1 8 9 4 

2.5 0 

0 1536 1 0 

0.4 0 

0 1 .1 5 5 4 

1 8 .7 6 3 9 

0 0 .0 0 0 0 

1 3D 6 7 5 

1 3 .3 3 9 4 

2.5 0 

0 ID 9 8 3 

0.0 0 

0 1 JL66 2 

1 0 .4 7 5 5 

005173 

1 0.4 8 9 1 

0 9 .1 1 8 6 

2.5 0 

01.29 8 3 

01.0 

0 1 JL6 21 

1 2D 9 7 3 

0 0 .4 2 2 8 

1 0.9 4 6 0 

1 0-05 5 0 

2.50 

01.298 3 

052 0 

0 1 .1 5 9 2 

1 4 D 8 6 3 

0 0 D 9 5 3 

1 1.56 1 2 

1 1.08 3 6 

2.50 

0 1.29 8 3 

03 0 

0 1 .1 5 7 0 

1 6 .4 4 2 0 

0 0 .0 0 0 0 

1 2.28 8 3 

1 2JL 2 4 3 

2.5 0 

015439 

0.0 0 

0 1 JL66 2 

1 0 .4 7 5 5 

0 0 .4 0 8 0 

1 0.4 4 0 3 

0 9 J3 3 9 2 

2J50 

0 1 .2 4 3 9 

0-1 0 

0 1 .1 6 2 1 

1 2D 97 3 

0 0 .2 8 8 6 

1 0.9 1 4 9 

1 0.201 8 

2 .5 0 

0 ID 4 3 9 

052 0 

01JL592 

1 4 .2 8 6 3 

0 0 .0 0 0 0 

1 1 .5 0 4 6 

1 1.1 1 5 8 

2.50 

011997 

0.00 

0 1 JL6 6 2 

1 0 .4 7 5 5 

0 0 D 7 5 1 

1 0 .4 4 0 4 

0 9.5 5 3 5 

2.50 

0 1 JL 9 9 7 

01. 0 

0 1 .1 6 2 1 

1 2D 97 3 

0 0 .0 0 0 0 

1 0.9 0 7 4 

1 0.3 2 8 1 

2.50 

015L 66 2 

0.0 0 

0 1 JL6 6 2 

! 0 .4 7 5 5 

0.0 .0000 

1 0.4 7 5 5 

0 9 .7 5 0 0 
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TABLE I.- FUNCTIONS FOR CALCULATING THE FLOW ABOUT FLAT -TOP 
CONFIGURATIONS - Concluded 


MooBc 

X 

6 C 

a 

&c 

/ o>\c' 
O In 
— 

/Pc\ 

vpJ 


/Pc\ 

VpJ 

X 'jt/2 


3.0 0 

0 1 .7 8 7 4 

0.0 0 

011450 

1 4D 128 

0 0 .9 7 1 4 

1 7.7 2 1 9 

1 0.5 1 0 3 

3 JO 0 

0 1 .7 8 7 4 

01 0 

011433 

173. 469 

0 0 .9 0 7 6 

1 7.2 6 05 

1 2D 47 4 

3.00 

0 1 .7 8 7 4 

ODO 

0 1 Jl 4 2 2 

2 0.0 21 1 

0 0 .8 4 4 4 

1 7.5 1 1 5 

1 4.6 3 1 8 

3 JO 0 

0 1 .7 8 7 4 

030 

011416 

231345 

0 0 .7 7 9 9 

1 8.28 8 1 

1 6.7 8 9 7 

3D0 

0 1 .7 8 7 4 

0.4 0 

011414 

2 6 .4 8 6 3 

0 0 .7 1 2 9 

1 9.5 0 1 4 

1 9 .0 2 9 5 

3D0 

01.7 87 4 

ODO 

011414 

3 0.0 75 6 

0 0 .6 4 2 0 

2 1.1 03 3 

2 1.35 1 5 

3 jO 0 

0 1 .7 8 7 4 

OD 0 

011416 

3 3 .9 0 1 9 

0 OD 6 5 4 

2 3 .0 6 3 9 

2 3 .7 5 0 1 

3D 0 

0 1 .7 8 7 4 

0.7 0 

011420 

375646 

0 0 .4 8 0 5 

2 5.3 5 8 2 

2 6.2 1 3 9 

3 D 0 

0 1 .7 8 7 4 

ODO 

011425 

4 2 D 6 3 2 

0 0.38 1 9 

2 7.9 5 3 7 

2 8.7 2 1 1 

3 D 0 

0 1 .7 8 7 4 

0.9 0 

011430 

4 6 .7 9 7 2 

0 0 .2 5 6 4 

3 0.7 8 2 3 

3 ID 2 2 2 

3 D 0 

0 1.7 8 7 4 

IDO 

011436 

5 1 D 6 6 3 

0 0 .0 0 0 0 

3 3 .4 0 1 8 

3 3 .3 8 0 1 

3D 0 

0 1 .7 0 9 7 

0.0 0 

011450 

1 4D 128 

0 OD 2 8 4 

1 6.9 5 1 2 

1 0.8 5 1 0 

3D 0 

0 1 .7 0 9 7 

01 0 

011433 

1 7 .1 4 6 9 

0 0 .8 6 4 1 

1 6.75 9 7 

1 2 .7 7 5 0 

3D 0 

01.709 7 

ODO 

0 1-14 2 2 

2 0 D 2 1 1 

0 0 .7 9 8 5 

171520 

1 4 .7 7 6 5 

3D 0 

0 1 .7 0 9 7 

ODO 

011416 

2 3.1 34 5 

0 0 .7 3 0 3 

1 8 .0 0 9 9 

1 6.8 6 5 7 

3D 0 

0 1 .7 0 9 7 

0.4 0 

0 1 .1 4 1 4 

2 6 .4 8 6 3 

0 0 D 5 8 1 

1 9 .2 7 0 8 

1 9 .0 4 3 5 

3.0 0 

0 1 .7 0 9 7 

OD 0 

011414 

3 0 .0 7 5 6 

0 0 .5 8 0 1 

2 0.89 7 6 

2 1.305 1 

3D0 

01.7 09 7 

OD 0 

011416 

3 3.9 019 

00.4 9 34 

2 2.8 6 2 9 

2 3.6 39 9 

3D 0 

0 1 .7 0 9 7 

0.7 0 

011420 

3 7 .9 6 4 6 

OOD 92 8 

251362 

2 6.0 2 8 3 

3D 0 

01.7 09 7 

0-8 0 

013.425 

4 2D6 32 

0 0 D 6 4 7 

2 7.6 5 8 7 

2 8.4 2 5 3 

3 D 0 

0 1 .7 0 9 7 

0.9 0 

011430 

4 6 .7 9 7 2 

0 0 .0 0 0 0 

3 0.05 1 4 

3 OD 2 5 5 

3 D 0 

01D 32 2 

0.0 0 

011450 

1 4D 128 

0 0 .8 8 0 6 

1 6.3 0 4 1 

111720 

3 D 0 

0 1 j 6 3 2 2 

01 0 

0 1-14 3 3 

17.1 4 69 

0 0 .8 1 5 1 

1 6.3 3 1 0 

1 2.9 9 0 5 

3 D 0 

0 ID 3 2 2 

OD 0 

011422 

2 0.0 2 1 1 

0 0 .7 4 6 4 

1 6.8 4 5 7 

1 4.9 0 9 3 

3 D 0 

0 1 .6 3 2 2 

ODO 

011416 

231345 

0 0 D 7 3 4 

1 7.77 6 0 

1 6.9 2 7 0 

3 D 0 

01D32 2 

0.4 0 

0 1 .1 4 1 4 

2 6 .4 8 6 3 

OOD 94 2 

1 9.07 9 0 

1 9 .0 3 8 1 

3.0 0 

0 ID 32 2 

ODO 

011414 

3 0 .0 7 5 6 

0 0 D 0 6 1 

2 0.7 2 4 7 

2 1.2 3 2 1 

3 D 0 

01D 32 2 

OD 0 

011416 

3 3 .9 0 1 9 

0 0 .4 0 3 6 

2 2.68 39 

2 3.4 9 0 6 

3 D 0 

0 1 .6 3 2 2 

0.7 0 

011420 

3 7 .9 6 4 6 

002730 

2 4.9 0 5 6 

2 5.7 7 3 3 

3 D 0 

0 1 D 3 2 2 

0.8 0 

0 1 JL 4 2 5 

4 2D6 32 

0 0 .0 0 0 0 

2 7 .0 7 0 2 

2 7 .8 0 6 1 

3.0 0 

013554 

0.0 0 

0 1 -1 4 5 0 

1 4D 128 

0 0 .8 2 7 0 

1 5.7 6 39 

1 1.47 87 

3 D 0 

0 ID 5 5 4 

0.1 0 

011433 

17.14 69 

0 0 .7 5 9 3 

1 5.9 6 9 5 

1 3.1 9 65 

3 D 0 

0 ID 5 5 4 

ODO 

0 1-14 2 2 

2 0 .0 2 1 1 

0 0 .6 8 6 4 

1 6.58 9 5 

1 5.03 1 1 

3.00 

0 1 D 5 5 4 

ODO 

011416 

2 3.1 34 5 

0 0 .6 0 6 9 

1 7D8 3 0 

1 6.9 7 3 0 

3D 0 

0 ID 5 5 4 

0.4 0 

011414 

2 6.4 86 3 

OOD 17 8 

1 8 .9 2 0 3 

1 9 .0 1 0 4 

3 D 0 

0 ID 5 5 4 

ODO 

0 1-14 14 

3 0 .0 7 5 6 

0 0 .4 1 3 9 

2 0.5 7 4 2 

2 1.1 2 5 2 

3 D 0 

0 ID 5 5 4 

0.6 0 

0 1 -1 4 1 6 

3 3 .9 0 1 9 

0 0 D 8 1 0 

2 2 .5 0 1 0 

2 3D 8 0 6 

3 D 0 

0 ID 5 5 4 

0.7 0 

0 1-14 20 

31 9646 

0 0 .0 0 0 0 

2 4 .4 3 6 1 

2 5D 3 4 4 

3D 0 

0 1.47 9 8 

0.0 0 

011450 

1 4D 128 

0 0 .7 6 6 0 

1 5.32 0 1 

1 1.7 7 7 3 

3 D 0 

0 1 .4 7 9 8 

0-1 0 

0 1-14 3 3 

171469 

0 0 D 9 5 1 

1 5.6 7 1 7 

1 3 .3 9 6 1 

3.00 

0 1 .4 7 9 8 

ODO 

013.422 

2 0.0 211 

0 0.6 16 4 

1 6.38 07 

1 5.14 32 

3D 0 

0 1 .4 7 9 8 

ODO 

011416 

2 3 .1 3 4 5 

0 0 .5 2 7 4 

1 7.4 2 6 3 

1 7 .0 0 2 8 

3 D 0 

0 1 .4 7 9 8 

0.4 0 

011414 

2 6 .4 8 6 3 

0 0 .4 2 2 9 

1 8 .7 8 6 2 

1 8.9 5 5 6 

3D0 

0 1 .4 7 9 8 

ODO 

011414 

3 0 .0 7 5 6 

OOD 8 8 4 

2 0.4 2 5 1 

2 0.9 6 7 4 

3 D 0 

0 1 .4 7 9 8 

OD 0 

011416 

3 3 .9 0 1 9 

0 0 .0 0 0 0 

2 2.1 2 9 6 

2 2 .8 2 7 9 

3.0 0 

0 1 .4 0 6 7 

0.0 0 

011450 

1 4 .5 1 2 8 

0 0 .6 9 5 8 

1 4.96 7 0 

1 2.07 4 0 

3D 0 

0 1 .4 0 6 7 

0.10 

0 1 JL4 3 3 

17J. 469 

0 0 .6 2 0 2 

1 5.4 3 6 0 

1 3.5 9 3 1 

3D 0 

0 1 .4 0 6 7 

OD 0 

0 1-14 2 2 

2 0 .0 2 1 1 

0 OD 3 2 9 

1 6D 1 69 

1 5D 4 7 3 

3D 0 

0 1 .4 0 6 7 

OD 0 

0 1 .1 4 1 6 

231345 

0 0 .4 2 9 1 

1 7D 9 9 9 

1 7 .0 1 4 5 

3 D 0 

0 1 .4 0 6 7 

0.4 0 

011414 

2 6 .4 8 6 3 

0 OD 9 4 4 

1 8 .6 6 0 3 

1 8.8 6 1 9 

3 D 0 

0 1 .4 0 6 7 

OD 0 

011414 

3 0.0 75 6 

0 0 .0 0 0 0 

2 0.1 3 4 3 

2 0.6 1 0 7 

3 D 0 

013375 

0.0 0 

011450 

1 4 D 1 2 8 

0 OD 1 4 4 

1 4.7 0 3 9 

1 2.37 5 4 

3 D 0 

013375 

0.1 0 

011433 

17.1 46 9 

0 0 D 3 1 5 

1 5.26 3 0 

1 3.7 9 1 8 

3 D 0 

013375 

ODO 

011422 

2 0 .0 2 1 1 

0 0 .4 3 0 5 

1 6.09 5 6 

1 5.3 4 4 7 

3.0 0 

013375 

ODO 

011416 

231345 

OOD 97 6 

1 7.19 3 0 

1 7 .0 0 1 9 

3 D 0 

013375 

0.4 0 

011414 

2 6 .4 8 6 3 

0 0 .0 0 0 0 

1 8.4 39 2 

1 8.6 1 64 

3 D 0 

01274 5 

0.0 0 

011450 

1 4 D 1 2 8 

OOD 19 4 

1 4.5 32 8 

1 2.6 8 5 7 

3.0 0 

0 1D7 4 5 

OIL 0 

011433 

17.1 469 

0 0 .4 2 4 5 

1 5.1 5 3 8 

1 3 .9 9 4 9 

3.0 0 

0127 4 5 

ODO 

0 1 .1 4 2 2 

2 0 .0 2 1 1 

0 0 .2 9 6 3 

1 6 .0 1 2 2 

1 5.4 3 3 8 

3.0 0 

01.274 5 

0.3 0 

0 1 .1 4 1 6 

23X345 

0 0 .0 0 0 0 

1 7.0 38 8 

1 6.8 8 7 7 

3D 0 

01.220 3 

0.0 0 

011450 

1 4D 128 

0 0.4 08 3 

1 4 .4 5 3 5 

1 3.00 2 9 

3 D 0 

0 1.2 2 0 3 

OIL 0 

011433 

171469 

0 OD 8 8 7 

1 5.1 0 6 7 

1 4D 0 0 3 

3D 0 

01D20 3 

ODO 

011422 

2 0 .0 2 1 1 

0 0 .0 0 0 0 

1 5.9 2 9 6 

1 5.4 6 8 0 

3D 0 

0117 7 0 

ODO 

011450 

1 4 D 1 2 8 

0 0 D 7 4 0 

1 4 .4 5 5 2 

1 3 .3 1 4 4 

3 D 0 

011770 

0.1 0 

011433 

1 7 .1 4 6 9 

0 0 .0 0 0 0 

1 5.09 9 3 

1 4.3 7 9 2 

3 D 0 

011450 

ODO 

0 1-14 50 

1 4D 128 

0 0 .0 0 0 0 

1 4D1 28 

1 3.6 00 0 
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Mox. angle of attack / a \ 
Cone semivertex angle ’ \ Sc /max 


Figure 2.- Variation of wing semi vertex angle with maximum angle of attack for applicability of 

theory; W n/2 = 0. 
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+ denotes orifice locations 
.004 constant leading edge thickness for all wings 

(a) Conical models. 



Figure 3 .- Dimensions of pressure-distribution test models showing location of pressure orifices. 
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-.004 constant leading edge thickness 
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+ denotes orifice locations 

Body is one-half fineness- 
ratio 5 ogive 

Wing coordinates 


X 

y 

0.00 

0.00 

.25 

.08 

.50 

.16 

1.00 

.33 

2.00 

.65 

3.00 

.96 

4.00 

1.27 

5.00 

1.57 

6.00 

1.86 

7.00 

2.14 

8.00 

2.42 

8.50 

2.56 


Section A-A 


(b) Ogive model. 


Figure 3.- Concluded. 
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Figure 4.- Variation of shock-wave angle at cp = 0 with Mach number for 

a = 3°. 
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(a) Mqo = 3.0 


Figure 5 .- Variation of pressure coefficient at cp = 0 with angle of 
attack for Mach numbers 3*0 and 5*0* 
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(b) Mqo = 5.0 


Figure 5 .- Concluded. 
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5 C = 5-71° 


Figure 6.- Surface pressure coefficients for configuration with 
and A = 13 ° at angles of attack of 0°, 3°, and 6° 
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Figure 7-~ Surface pressure coefficients for configuration with 8 C 
and A = Ik. 6° at angles of attack of 0°, 3°> and. 6°. 
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Figure 8.- Surface pressure coefficients for configuration with 5 C = 11.42° 
and A = 16.9° at angles of attack of 0°, 3°, and 6°. 
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(c) M m = 5.0 



Figure 8.- Concluded 


Pressure coefficient, C p 
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Figure 9*- Surface pressure coefficients for configuration with 5 C = 11.42° 
and A = 18.4° at angles of attack of 0°, 3°> anti 6°. 
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Figure 9 .- Concluded. 
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o Experiment (ref. 2) 
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(c) Longitudinal stability 


Figure 10.- Aerodynamic characteristics of a conical flat-top wing -body configuration at Moo = 5-0; 

6 C = 5. 71°; A = 15°. 


t 


t 


Pressure coefficient 


ow 


NACA RM A58F02 



69 



Figure 11.- Variation of surface pressure coefficient on ogive configura- 
tion at ^ = 5-0 and a- = 3°» 
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